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Chapter I 
General Introduction 
Word reading is generally considered to be an automatic process. In 
terms of the well-known distinction between controlled and automatic 
processing made by Schneider and Shiffrin (1977) word reading is (a) 
carried out by a fixed set of operations, (b) does not use up short term 
memory capacity, (c) is not under the subject's control, and (d) does not 
require attention. The automatic character of word recognition is nicely 
demonstrated by an experiment by Stroop (1935), an experiment of which 
the results have been replicated numerous times since. In this famous 
experiment, skilled readers were asked to name the colours of the ink 
used to print words. The words were colour names. Stroop used five 
colours and five words naming these colours. No word was printed in the 
colour it named, but an equal number of times in each of the other four 
colours (e.g. the word 'red' printed in green). When subjects were asked 
to name the colour of 100 of these words, the mean naming time was 
almost 75% higher than the normal time needed for naming the colours 
printed in squares. This demonstrates that word recognition, in particular 
the accessing of word meaning, is highly automatised: Even when it is not 
beneficial to do so, words are recognised up to and including their 
semantic representation. The automaticity of word recognition is 
reflected in most models of word reading. For example, in one of the most 
influential ones, the dual-route model (Baron & Strawson, 1976; Coltheart, 
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1978,1985; Coltheart, Curtis, Atkins, & Haller 1993; Forster & Chambers, 
1973), two automatic procedures operating in parallel are thought to lead 
to pronunciation: A lexical and a nonlexical procedure. The lexical 
procedure involves direct mapping from orthographic representations to 
lexical entries. The nonlexical procedure operates by applying a set of 
letter-sound correspondence rules to a string of letters, after which the 
resulting phonological representation is matched to the appropriate 
lexical entry. To take another example, the parallel distributed processing 
(PDP) model of reading (Seidenberg & McClelland, 1989; Seidenberg et 
al., 1994; Plaut, McClelland, Seidenberg, & Patterson, 1996) assumes that 
the printed word leads to automatic activation of both the semantic and 
the phonological network. Correspondence rules play no role in this 
model; instead the activation algorithm employs a set of connection 
weights which are obtained by training the network. 
In the field of eye movement research, most contemporary theories 
similarly assume automatic steering of eye movements during reading. 
Sometimes, it is maintained that the eyes move according to a fixed 
rhythm, with steps of more or less equal size, just as our limbs move 
when we walk (e.g. Haber, 1976). According to this approach then, the 
characteristics of eye movements are independent of the visual or 
linguistic properties of the from moment to moment changing text. 
According to other proposals, visual properties are essential in the 
programming of saccades. Usually, it is assumed that the landing position 
of the eyes is determined on the basis of low level visual information (see 
for a review, Rainier & Morris 1992), in particular on the basis of the 
blanks between the words (e.g. McConkie, 1983; Morrison, 1984; O'Regan, 
1990; Rayner & Morris, 1992; Viru, 1991a,b). For example, in O'Regan's 
strategy-tactics theory "saccade sizes are assumed to be exclusively 
determined by inter-word spaces" (O'Regan, 1990, p. 436). Each saccade 
is directed to a position in a word, which allows for the fastest recognition 
of the word (Grainger, O'Regan, Jacobs, & Segui, 1992; O'Regan & Jacobs, 
1992). The location of this position, which is named the Optimal viewing 
position' (OVP), depends on characteristics of the word, such as its 
morphemic structure and frequency of occurrence, and is usually located 
at or somewhat left of the word centre. Hence, the exact location of the 
OVP differs for each particular word and cannot be known before 
actually recognising the word. For this reason, and because precise 
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aiming at a particular location takes time (Coëffé & O'Regan, 1987; Jacobs, 
1987), only coarse visual information (inter-word spaces) is used to direct 
the saccade, with the risk to land at a suboptimal position within the 
word. When the landing position is beyond a critical distance from the 
OVP, an additional saccade is made to the other side of the same word. 
Thus, according to this theory, during reading the eyes move in a highly 
automated fashion: The eyes are supposed always to land near the middle 
of a word or letter string, independent of expectations of the reader. It 
should be noted, however, that the hypothesis that blanks between words 
are the triggering cues for eye movements is not generally accepted. 
Epelboim, Booth and Steinman (1994), for example, found similar 
patterns of fixation over words and similar landing positions within 
words in texts with and without interword blanks. The authors propose 
that the words themselves rather than the blanks serve as triggering cues 
to guide the eyes through the text. Again, this is thought to occur in an 
automatic way, without much influence on the part of the reader. 
In spite of the seemingly general agreement, there are reasons to 
assume that at least some aspects of the reading process—from stimulus 
input up to and including the response—can be controlled by the reader. 
First, introspection tells us that during reading we are able to decide what 
word or even what letter in a word will be fixated next. Although the 
question is, of course, whether this ability will be used in normal reading 
situations, the subject's potential control of the eye movement during 
(part of) the reading task is something to keep in mind. Second, reading is 
always embedded in a specific task and the subject has to produce a 
response appropriate to this task. Examples of these different tasks are 
reading aloud, reading for meaning (for instance, to point to an 
appropriate picture), and lexical decision (the subject is asked to decide 
quickly whether a particular letter string is a real word or not). The 
specific response required for each task is obviously under control of the 
subject. Nevertheless, there are no reading models that make proposals as 
to how this is done. Third, also within a specific task there may be 
possibilities for strategic control. For example, reaction times in the 
lexical decision task are influenced by characteristics of the non-targets: 
Lexical decisions on word stimuli are faster when the non-targets are of 
high printed frequency than when the same stimuli are presented among 
low frequency non-targets (the so-called 'frequency blocking effect') 
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(Dorfman & Glanzer, 1988; Glanzer & Ehrenreich, 1979; Gordon, 1983; 
Stone & Van Orden, 1993) and lexical decisions to word stimuli are slower 
when the accompanying nonwords are more word-like (the 'nonword 
lexicality effect') (Grainger & Jacobs, 1996; Stone & Van Orden, 1993). In 
other words, although the relevant trials always required the same 
response and were either physically identical (Stone & Van Orden, 1993) 
or were matched with respect to characteristics important to word 
recognition such as printed frequency and positional bigram frequency 
(Grainger & Jacobs, 1996), the word trials yielded different results in 
different conditions. Since a purely automatic word recognition process 
would be expected to give the same output in these conditions, this result 
suggests that the subjects in these experiments were able to influence 
some aspect of the reading process. 
Results such as these are commonly taken to indicate variation in 
'strategy': Specific properties of the non-targets or non-words lead the 
subjects to change something in the way the target words are processed. 
Other examples of studies suggesting the presence of strategic control will 
be discussed in chapter II. 
What could strategic control mean in the context of word recognition? 
On the basis of findings such as the ones described above, Stone and Van 
Orden (1993) distinguish two ways in which a subject could exercise 
strategic control in a lexical decision task: pathway selection and parametric 
control. Pathway selection refers to the use of only a subset of the 
pathways that are assumed to play a role in word recognition. In the most 
simple model, the authors distinguish between three pathways: (a) direct 
access to the lexicon; (b) indirect access to the lexicon through a process of 
phonological 'assembly'; (c) a pathway that goes via phonological 
assembly directly to the decision process, bypassing the lexicon. One or 
two of these pathways could be selected. Parametric control has to do 
with setting the threshold for lexical decision in a particular way. To 
explain these two strategies, let us consider the nonword-lexicality effect. 
The pathway selection hypothesis could account for this effect by 
assuming that, in order to discriminate between words and 
unpronounceable nonwords (e.g. nsprt), the reader does not need to enter 
the lexicon: It is sufficient to try phonological assembly (pathway c). If 
assembly is possible, a yes-response can be given; otherwise, the response 
must be negative. This shallow way of analysing is supposed to save time 
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and thereby to lead to the nonword-lexicality effect. But the same effect 
can also be explained by the parametric-control hypothesis. If the subject 
has to discriminate between words and unpronounceable nonwords, 
these nonwords induce only very little lexical activation, as compared to 
words. The subject can, therefore, set the criterion relatively low and still 
make a reliable decision. The lexical decision response, of course, will be 
given faster if the criterion is low. With pronounceable nonwords, on the 
other hand, the decision criterion must be set higher, in order to avoid 
making too many errors (false alarms). This relative lowering of the 
criterion in the case of unpronounceable nonwords is thought to be 
responsible for the lexicality effect. 
Grainger and Jacobs (1996) have recently presented a detailed model of 
parametric control for both lexical decision and perceptual identification 
tasks. They introduce three parameters: (a) single word detector activity 
(activity of a single word node), (b) total activity present in the lexicon 
(activity on all lexical nodes) and (c) time elapsed since stimulus onset (the 
time allowed for total activity to reach a particular level). They suppose 
that only the latter two parameters are under subject control. When 
accuracy is stressed, it is assumed that both the summed lexical activity 
criterion and the time criterion are set higher and when speed is stressed, 
they are set lower. The summed activity criterion leads to fewer false 
positive errors; a higher time criterion to fewer false negative errors. In 
this way, stressing accuracy results in more accurate but slower 
performance and stressing speed in faster but more error-prone 
performance (speed-accuracy trade-off)· The frequency-blocking effect is 
also explained as the result of a criterion shift. As described above, this 
effect relates to the observation that lexical-decision responses to words 
are relatively slow when the word stimuli are embedded in a list with low 
frequency non-targets. Now, these low frequency words tend to generate 
lower levels of activity in the lexicon as a whole. Therefore, in the model, 
less words will reach the criterion of summed lexical activity and there is 
a potential increase of false negative errors (incorrectly rejecting a word). 
A higher setting of the time and the summed activity criterion is the way 
subjects deal with such a potential increase. In this manner, a word is 
given more time to reach an appropriate level of activation. 
Consequently, false negative errors are avoided—or at least reduced in 
number—at the cost of longer reaction times, not only for the non-target 
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but also for the target stimuli. The nonword lexicality effect, on the other 
hand, is explained as resulting from a strategic adjustment of just the 
summed lexical activity criterion. Nonwords that resemble words 
produce higher levels of activity in the lexicon than nonwords that do not. 
Therefore, in this situation, the danger lies in an increase of false positive 
errors (erroneously accepting a nonword as a word). As we saw above, 
the response to a potential increase in false positives is a higher setting of 
the summed-activity criterion: More activity is required of an item to 
qualify as 'word'. This strategy results in longer reaction times for the 
list containing pronounceable nonwords. 
In this dissertation an attempt is made to demonstrate the effects of 
strategic control on conventional reading, rather than on lexical decision 
and perceptual identification. Emphasis was put on variation of 
instruction (reading task) rather than on properties of the material. First 
of all, the instruction to read fast was compared to the instruction to read 
accurately in an investigation of reading errors in dyslexic children 
(chapter Π). Second, eye movements were studied in normal adults as 
they varied with the instruction to attend to meaning or to attend to 
sound (chapter Ш). Third, the fast-accurate manipulation was studied 
again in a dyslexic child, to see how it affected both reading errors and 
eye movements (chapter Г ). Finally, a study was conducted in which 
eyeball retraction was measured while the subject looked at nonverbal 
stimuli, with the instruction either to 'scrutinise' or to 'stare' (chapter V). 
This manipulation was intended to mimic the situation in which the eye 
fixates a particular target in an accurate or in a 'sloppy' way, respectively. 
The overall conclusion drawn from these studies is that there is 
strategic control in reading. The effects are present not only in the way 
dyslexic children read aloud, but also in their eye movements and in the 
eye movements of normal adults. Dyslexic children demonstrate variation 
in the patterns of overt reading behaviours (e.g. reading errors) as a 
function of instruction. Also, reading eye movements are strategically 
controlled, contrary to what is maintained by most researchers in this 
field. In particular, there appears to be control over (a) saccade size, (b) 
fixation duration and (c) vergence velocity during fixation. As to the 
nature of this strategic control, these results strengthen the idea that 
readers can employ a strategy of pathway selection in the sense described 
above: Readers appear to be able to give priority to either the lexical or 
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the nonlexical pathway. Whereas the data on reading errors provide 
direct evidence for pathway selection, the eye movement data point to a 
particular mechanism by which control is exercised. This is not a trivial 
point. If reading is indeed an automatic process, how can a reader still 
influence this process? The answer presented in this dissertation is that 
readers cannot change the structure of this process but can modulate the 
processing sequence by means of selective attention. By attending to letter 
strings smaller than words, sublexical units are given priority of input 
and the nonlexical pathway is selected. On the other hand, when units as 
large as or larger than words are attended, the lexical route receives 
priority. This hypothesis makes several predictions with respect to eye 
movements as a function of list composition (number of nonwords, type 
of nonwords, type of lexical foils) in reading aloud, in lexical decision, 
and in perceptual identification; these predictions remain to be tested. 
In the following paragraphs, an overview of these studies will be 
presented. 
The Influence of Instruction on the Reading Errors of Dyslexic 
Children 
According to the dual-route model (cf. Coltheart et al., 1993), there are 
two automatic procedures for converting print to speech: a lexical and a 
nonlexical procedure. When words are read via the lexical procedure, 
their visual word form leads to access of the internal representation of the 
word directly; when they are read via the nonlexical procedure, their 
visual word form is first recoded into a series of phonological codes 
which then lead to access of the internal representation. Developmental 
dyslexies often make responses to words that are reminiscent of the use of 
either one or the other of these two subcomponents of the reading 
process. For example, to some target words the children produce an 
erroneous response which resembles the target word visually (e.g. 
pond->-"pony"), semantically (e.g. pond-*"lake") or both visually and 
semantically (e.g. pond->"pool"). Another characteristic way of 
responding is one in which the target word is pronounced in parts (the 
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word is sounded out). Erroneous responses of the first category are called 
word substitutions. They indicate the use of the lexical procedure because 
they appear to result from a misselection of the word's internal 
representation rather than from a wrong phonological recoding. The 
second error category seems to reflect the use of the nonlexical procedure: 
Reading part-by-part can result from phonological recoding of word 
parts, but is not compatible with retrieval of the complete phonological 
code of the word after selection of its internal representation. 
It has been claimed that dyslexic children show a bias towards either 
one or the other error type. Accordingly, a distinction is often made 
between two types of developmental dyslexia. Children suffering from 
one type (e.g. dyseidetic dyslexia; Boder, 1973), show predominantly 
sounding-out behaviours; they also read more slowly. Children of the 
other type (e.g. dysphonetic dyslexia; Boder, 1973) make many word 
substitutions and read at a normal rate. The existence of these two types 
of dyslexia could be due to a deficiency (e.g. Boder, 1973) or to a relative 
inefficiency (Castles & Coltheart, 1993) of either route. A problem in the 
nonlexical route leads to the use of the lexical route and vice versa. It is 
important to realise that an additional assumption is needed for the fact 
that the preferred reading route does not lead to perfect reading. For 
example, use of the lexical route goes together with word substitutions. 
One can account for this by assuming that either perfect reading requires 
both routes to be available, or that dyslexic children have problems, 
though in different degrees of severity, with both routes (Castles & 
Coltheart, 1993). 
The purpose of the reading error experiment was to assess whether 
dyslexic children have strategic control over the two reading routes. To 
this end, the overt reading behaviour of twenty dyslexic children was 
studied under two instruction conditions. In the first, the Speed 
condition, the children were discouraged to use the time-consuming 
nonlexical procedure by instructing them to read "as fast as possible". In 
the second, the Accuracy condition, the error-prone lexical procedure was 
made less attractive to the children by instructing them to read "as 
accurately as possible". There was also a third condition, a Neutral 
condition, in which no special instruction was given: Children were asked 
to read aloud in their own way. Two types of reading material were 
presented: Lists of unrelated words and meaningful texts. Both entailed 
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different levels of difficulty. 
As expected, it was found that all children, irrespective of whether they 
would usually show the typical spelling behaviour of one type of 
dyslexia or the word substitutions of the other, showed an increase in the 
frequency and proportion of spelled responses when instructed to read as 
accurately as possible and an increase in substitutional errors when trying 
to read as fast as possible. This was true for both word-list reading and 
text reading. Although the individual children differed in their sensitivity 
to the reading instructions, they all showed at least some effect of 
instruction in the predicted direction. The influence of reading instruction 
on the error patterns was so powerful that it could also have affected the 
diagnosis of the dyslexic children as suffering from one type of dyslexia 
or the other. 
A number of subcategories of reading behaviours was distinguished 
(e.g. spelling accompanied by a phonological error; visual-semantic 
errors). On the whole, as the dual-route model would predict, also these 
specific error types reflected a shift from lexical to nonlexical reading 
when accuracy was stressed. An interesting result was obtained with 
nonword responses. On the one hand, nonwords due to phonological 
error increased in frequency, as would be compatible with an emphasis 
on nonlexical reading. On the other hand, nonwords primarily consisting 
of illegal combinations of morphemes (inkstar), decreased in frequency. 
The latter finding suggests an emphasis on the lexical route. In other 
words, nonwords can also arise as the result of a lexical procedure 
involving only part of a (compound) stimulus word. 
To conclude, the results of the reading-error experiment suggested that 
dyslexic children have strategic control over their reading process. The 
finding is consistent with the evidence described in the literature (see 
chapter Π), that readers have strategic control in lexical decision and 
perceptual identification tasks. The particular type of control appears to 
be pathway selection, since there is a shift in error types belonging to 
specific pathways: The reader gives priority to one or the other route, in 
this case to the lexical over the nonlexical route or vice versa. 
This conclusion, however, raised the question of how readers achieve 
such strategic control. The overt reading behaviour of dyslexic children, 
and especially their sounding-out behaviour, suggests a possible 
mechanism for strategic control in reading. When dyslexic children sound 
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out words, they typically pronounce parts of the word at a time, 
proceeding more or less gradually from left to right in the word (in 
alphabetic languages, that is). This indicates that they also attend to parts 
of the word at a time, in a similar left-to-right fashion. Since eye 
movements are tightly linked to visual attention, it seemed obvious that 
this movement of attention accross the word would be reflected in their 
eye movements: Saccadic eye movements are always preceded by an 
attentional movement toward the target that is to be fixated next (cf. 
Kowler, Anderson, Dosher, & Blaser, 1995). Because several studies have 
shown evidence for strategic control in normal readers as well, their eye 
movements could also be expected to reveal attentional shifts under 
influence of instruction. From the perspective of many contemporary 
investigators, finding evidence for such attentional shifts in adult 
proficient readers would be more or less unexpected, because written 
words that are highly familiar to the reader are usually thought to be 
recognised lexically, so, as a whole. As described earlier in this chapter, 
this is also reflected in the fact that current theories of eye-movement 
control usually consider the eyes to move from one word to the next: The 
eyes are supposed to land somewhere in the middle of the word or 
slightly left of the middle, suggesting that attention would also move 
from word to word instead of from one part of the word to the next. 
Nevertheless, the selective-attention hypothesis deserved to be looked at 
seriously, because it offers a possibility to account for strategic control 
over a reading process that is predominantly automatic. For this reason, a 
direct attempt was made to assess the effects of instruction upon eye 
movements during reading. 
The Effect of Instruction on Eye Movements During Reading of 
Normal Readers 
Three experiments were carried out with twelve normal readers in order 
to elicit a change in reading strategy and thereby a shift in eye movement 
patterns (chapter Ш). In the first experiment, reading material was varied 
(words embedded in a meaningful context versus words presented in 
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isolation), in the second reading instruction ("attend to meaning" versus 
"attend to sound"), whereas in the third experiment the effect of 
repetition was established (first versus second reading of the same text). 
The purpose of all three experiments was to present similar stimuli—in 
the case of the first experiment—or identical stimuli—in the case of the 
second and third—under different conditions. In this way, changes in 
eye movements could be ascribed to the operation of higher order 
cognitive processes. Materials in the first experiment consisted of 
meaningful texts on the one hand, and word 'lists' on the other. The latter 
consisted of lines of unrelated content words which were matched on a 
number of relevant parameters to the content words occurring in the 
texts. The subjects were asked to read the materials silently. The 
expectation was that the content words occurring in the meaningful texts 
would need fewer and shorter fixations than the content words presented 
in a word list. Eye movement registrations were stored for later analysis. 
It turned out that the accuracy of these particular eye movement 
recordings was insufficient to relate individual fixations to specific words. 
Therefore, it was necessary to limit the analysis to a computation of the 
number and duration of the fixations for the text or word list as a whole. 
The experimental goal to only compare eye movements to similar if not 
identical stimulus words could therefore not be reached in this first 
experiment.1 Nevertheless, a conclusion that could be drawn from this 
first experiment was that the average number of fixations per word and 
the average fixation duration strongly decreased when words were 
presented in a meaningful context. That is, despite the fact that the total 
number of words was larger in the meaningful texts (the texts included 
function words in addition to the experimental content words) than in the 
word lists, there were fewer and shorter fixations. 
In the second experiment, the stimulus texts in the two conditions were 
'it has to be noted that there was another obstacle to this goal. In the reading of sequen-
ces of words, whether they are embedded in a meaningful context or not, the various 
characteristics (landing position, probability of refixation, fixation duration) of subse-
quent eye movements are strongly interrelated. For instance, the landing position in a 
particular word is closely related to the launch site of the saccade in the previous word 
(McConkie et al., 1988; Radach, 1994). Within a free reading situation, as adopted in 
this study, word-specific analysis of eye movements is either impossible or can be done 
only on a post-hoc basis. 
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identical. In one condition, the texts had to be read while attending to 
their meaning (a question was asked about the content), in the other 
condition while attending to the sound of each particular word in the text 
(the words had to be pronounced subvocally, that is, not aloud but 
silently to oneself). The argument behind this instruction was that, if a 
subject were to attend to the meaning, he or she should need less precise 
information from the currently fixated word in order to grasp the 
meaning of the text. On the other hand, attending to the sound should 
require relatively precise information, because every word has to be 
pronounced subvocally, whether it contributes to the meaning of the text 
or not. The prediction, therefore, was that the 'attend to the meaning'-
instruction would lead to fewer and shorter fixations. The results 
confirmed this prediction. 
The third experiment was run to assess the effect of repeated reading. 
The subjects were instructed to read the same text twice. Reading 
instruction was varied in the same way (i.e. reading for meaning vs. 
reading for sound) as it was done in the second experiment. With 
repeated presentation, we can expect the subject to remember parts of the 
text's meaning and some of the individual words. This provides possible 
top-down information which should allow the reader to make fewer and 
shorter fixations. This prediction was confirmed. The instruction 
manipulation had the same effect as in the second experiment. 
There was one additional aspect of eye movement that was studied in 
detail. This concerned vergence velocity during fixations. Interest in this 
aspect arose in view of findings (G. J. van der Wildt, personal 
communication) that suggested a subgroup of dyslexic children to have 
highly instable eye fixations. I felt that this anomaly could be due to the 
use of a different reading strategy, rather than to a deficit in eye 
movement control as such. The instability of the fixations turned out to be 
post-saccadic vergence drifts. I therefore decided to study vergence as a 
function of reading instruction. 
Vergence refers to the movement of the eyes towards (converge) or 
away (diverge) from each other. During fixations following horizontal 
saccades, such as occur in reading, the eyes are usually not entirely 
motionless, but they drift slowly in opposite directions. This is especially 
true for the initial part of fixations. The drift is a consequence of the fact 
that during saccades, the eyes have slightly different starting times and 
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moving speeds. As a consequence, they are not always aimed at exactly 
the same stimulus position at the end of the saccades. In case of a 
rightward saccade, the right eye often lands somewhat more to the right 
on the visual stimulus than the left eye; with leftward saccades, the 
reverse is the case. The resulting small 'fixation disparity' is then 
compensated by a slow post-saccadic drift of both eyes towards each 
other (cf. Collewijn, Erkelens, & Steinman, 1988; Heller & Radach, 1995; 
Hendriks, 1992, 1996, see chapter Ш). Measuring the velocity of this 
compensatory drift during fixations and relating it to the task variables 
was an additional purpose of these experiments. 
As it turned out, fixational vergence velocity appeared to vary as a 
function of reading material and instruction. In the conditions in which 
fixations were less frequent and of shorter duration, vergence velocity 
was higher. This result gives extra support to the hypothesis that readers 
adapt to different tasks by adjusting the size of the part of text that is 
analysed in parallel. That is, when smaller text parts are being analysed 
during each fixation period, the intermittent saccades may be expected to 
be decreased in size. Smaller saccades do not only result in a higher 
fixation density, but may also lead to a lower vergence velocity. For rapid 
aimed movements, it is generally known that there is a trade-off between 
speed and accuracy. As target width decreases, movement time increases 
(Fitts & Peterson, 1964). Thus, the lower vergence velocity may have 
resulted from the fact that in the subvocal reading condition the subjects 
were aiming at smaller regions of text, thus increasing the demand for 
spatial accuracy. Below, a mechanism will be discussed that could 
account for the decrease in velocity when there is an increase in spatial 
accuracy demand. 
With the above results in mind, let us return for a moment to the 
dyslexia study, to describe in more detail how aiming at smaller regions 
of text could enable readers to differentially use the lexical and nonlexical 
route. The easiest way to address this issue is by using a unit smaller than 
a free morpheme as an example. A unit smaller than a free morpheme 
will not lead to lexical access, because it does not correspond to a real 
word. However, it can be recoded phonologically. If such a 
submorphemic unit is attended (as the target of an eye movement or as 
the 'target' of a fixation), it will be given a processing advantage, resulting 
in faster recognition of the submorphemic unit than the free morpheme or 
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word of which it is part. If, however, attention is diffusely distributed 
over the entire word, the word will usually be recognised more quickly. 
In this way, attending to submorphemic units will give a processing 
advantage to the nonlexical route. So, the present proposal is not that the 
reader is somehow choosing for one or the other route. The reader rather 
selects a letter string of a particular size and if this string corresponds to a 
free morpheme, lexical access is automatically obtained, giving the lexical 
route priority. If there is no such correspondence, processing via 
nonlexical route is faster. 
This hypothesis receives direct support from Johnston's (1981) and 
Solman's (1982) studies of the word superiority effect (WSE; i.e. a letter 
can be reported more accurately in the context of a briefly displayed word 
than in that of a nonword). In these studies, it was demonstrated that the 
WSE disappeared when subjects were instructed to attend to the position 
of the critical letter before the whole letter string was presented. These 
results indicate that attending to specific letter positions slows down 
lexical access. 
The Effect of Instruction on Eye Movements and Reading Errors of a 
Dyslexic Child 
In the above, a connection was made between eye movement patterns 
and the production of reading errors in dyslexic children. Sounding-out 
behaviours should co-occur with frequent fixations of relatively long 
duration and low vergence velocity. Word substitutions, on the other 
hand, should co-occur with less frequent and longer fixations as well as a 
relatively high vergence velocity. This prediction was tested in the third 
study, involving one dyslexic child. Here, eye movements and reading 
aloud errors were recorded simultaneously. The error pattern exhibited 
by this child replicated the partem observed in the group study. 
Importantly, the predicted eye movement pattern was also obtained. That 
is, relative to the instruction to read accurately, the instruction to read fast 
induced (a) an increase in the number of word substitutions, (b) a 
decrease in the number of sounding-out errors, (c) an increase in the 
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number of fixations, (d) an increase in fixation durations and (e) a 
decrease in vergence velocity. 
The Effect of Instruction on Eyeball Retraction 
In the eye movement experiments described above, it was found that 
vergence velocity was lower in conditions in which the reader supposedly 
attended to smaller parts of the texts. As discussed above, this finding 
agrees with a well-known law, Fitts' law, that describes the relation 
between the accuracy and speed of movements. According to this law, the 
selection of a small target requires a higher degree of movement accuracy 
and, as a result, the movement slows down. A possible explanation for 
this velocity decrease is provided by the co-contraction hypothesis of Van 
Galen and coworkers (Van Galen & Schomaker, 1992; Van Galen & de 
Jong, 1995). Their hypothesis is that the executor of a movement is able to 
regulate the movement's accuracy by contracting not only the agonist, but 
simultaneously also antagonistic and synergetic muscle groups. With 
exception of a study by Abrams, Meyer and Kornblum (1989), in which it 
was shown by post-hoc analyses that there is a linear trade-off between 
saccadic velocity and endpoint accuracy, there is no evidence in the 
literature that target size has an effect on eye movement velocity.2 
Furthermore, no studies had been done to investigate whether subjects 
are able to increase their fixation or eye movement accuracy by means of 
co-contraction of the exterior eye muscles. In a first study, carried out in 
collaboration with James T. Enright (UCSD), the influence of different 
fixation instructions on the simultaneous contraction of the exterior eye 
muscles was investigated. The amount of co-contraction was established 
by measuring the amount of retraction of the eyeball into its orbit. For this 
Preliminary results of a study by Hendriks and Enright (in preparation), however, 
have replicated the Abrams et al. (1989) results. In this study, targets of different size 
and amplitude were presented to the subject. Upon a button press, a target of 
unknown size was presented at one of 12 locations left or right of the fixation point. 
The task was to saccade as fast as possible to this target. The results showed a small but 
reliable effect of target size on saccadic peak velocity. 
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initial study, we restricted ourselves to the question of whether in a 
fixating eye an increase in accuracy demand leads to an increase in 
amount of co-contraction, because the measurement of retraction during 
movement more easily leads to measurement errors. Data were obtained 
by means of a video registration technique, developed by Enright. In one 
condition, a circle was presented that contained in its center a set of 
eleven very small letters, arranged in the form of a small cross (the letters 
could just be discriminated by the subjects). In the other condition, a 
similar circle was presented, but now without the letters in the center. In 
the first condition, the subjects were asked to scrutinise the letters in the 
circle, as they would do when being examined by an optician. In the other 
condition, subjects had to look at the circle, but without attending to 
detail (they had to 'stare'). The results clearly showed an increase in 
amount of ocular retraction during attention to detail than during staring. 
Control experiments showed that this difference in eye position was not 
due to a difference in accommodation or eyelid pressure. Thus, the 
increase in ocular retraction with increasing accuracy demand could be 
attributed to an increase in co-contraction of the exterior eye muscles. 
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Strategic Control in 
Developmental Dyslexia1 
Two types of developmental dyslexia are commonly distinguished. Children 
suffering from one type (e.g. surface dyslexia) read slowly and typically sound 
out the words during reading and children with the other type (e.g. phonolog-
ical dyslexia) read at a normal rate but make many word substitutions. Several 
authors (e.g. Castles & Coltheart, 1993) have proposed that the existence of the 
two types of dyslexia is due to a deficiency in or a relative inefficiency of either 
of the two routes postulated in the dual-route theory of reading. The purpose 
of the present study was to assess whether dyslexic children have strategic 
control over the two reading routes. Twenty dyslexic children were asked to 
read aloud word lists and texts as fast or as accurately as possible. When 
reading fast as opposed to accurately, children showed an increase in number 
of word substitutions and a decrease in number of responses with sounding-
out behaviours: In other words, they behaved more like phonological dyslexies 
in the fast condition, and more like surface dyslexies in the accuracy condition. 
Thus, the different symptoms commonly used as a basis for the classification 
of developmental dyslexia into dyslexic syndromes do not only reflect under-
lying deficits, but also strategic choices. 
Hendriks A.W. & Kolk H.H.J. (1997). Cognitive Neuropsychology, 14(3), 321-366. Part of 
the results has been presented at the Wenner-Gren International Symposium on Eye 
Movements in Reading (Stockholm, Sweden, January 26-29, 1994) and at the 34th 
Annual Meeting of the Academy of Aphasia (London, UK, November 3-5, 1996). An 
abstract appeared in Brain and Language [1996,55(1), 122-124]. 
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Introduction 
Some children have an extraordinary difficulty in learning to read, de­
spite the absence of obvious causes for this difficulty, such as deafness, 
insufficient education, overt neurological deficits or low intelligence. The 
condition from which these children suffer is usually called developmental 
dyslexia or specific reading disability (these two terms will be regarded as 
equivalent throughout the paper). An often-used approach to the study of 
this disorder is to test whether dyslexies have cognitive dysfunctions 
other than their reading problem, the idea being that these cognitive 
dysfunctions might be causally related. This approach can take the form 
of, for instance, a factor analysis on a battery of tests assessing a broad 
spectrum of cognitive functioning in a group of dyslexies (e.g. Doehring 
& Hoshko, 1977; Mattis, 1981; Mattis, French & Rapin, 1975; Thomson, 
1982; Watson & Willows, 1995). Other correlational studies focus on one 
or more specific fields of cognitive functioning that are presumed to be 
prerequisites for reading or learning how to read, such as phonological 
functioning (e.g. Lieberman, Meskill, Chatillon, & Schupack, 1985; Tallal, 
1980), visual processing (e.g. DiLollo, Hanson, & Mein tyre, 1983; Eden, 
Stein, Wood, & Wood, 1995; Livingstone, Rosen, Drislane, & Galaburda, 
1991; Lovegrove, Martin, & Slaghuis, 1986; Williams, May, Solman, & 
Zhou, 1995) and temporal order processing (e.g. Bakker, 1972; Corkin, 
1974; Shapiro, Ogden, & Lind-Blad, 1990; Wolf, 1986). Despite the attrac­
tiveness of this approach, there are certain drawbacks: Cognitive prob­
lems that are correlated with dyslexia are not necessarily the cause of it. 
Also, this approach fails to tell us exactly how particular cognitive prob­
lems relate to the pattern of reading behaviour a dyslexic child may have 
(Ellis, 1993; Marshall, 1984). 
Another common approach to the study of dyslexia is to take overt 
reading behaviour as a starting point (e.g. Bakker, Bouma, & Gardien, 
1990; Boder, 1973; Castles & Coltheart, 1993; Marshall, 1984; Valdois, 
Gérard, Vanault, & Dugas, 1995; Seymour, 1990). Reading behaviours that 
can often be observed in dyslexies are, for example, sounding-out behav-
iours (sounding out parts of the word before uttering the whole word) 
and substituting words (in response to a target word a wrong word is 
uttered that is often related to the target word in a specific way). Al-
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though it has been claimed that these behaviours in themselves are not 
typical for dyslexia, as they occur in normal but younger children at the 
same reading level (Bryant & Impey, 1986), the frequency of occurrence of 
these behaviours is certainly abnormal for older children (Coltheart, 
1987). 
Many authors have used patterns of reading behaviour to distinguish 
different groups of dyslexic children. Examples are the subtypes 
dyseidetic/dysphonetic dyslexia (Boder, 1973); P-type/L-type dyslexia 
(Bakker et al., 1990); developmental phonological dyslexia (Hanley & 
Gard, 1995; Snowling, Stackhouse, & Rack, 1986; Temple, 1984, 1985) / 
developmental surface dyslexia (Castles & Coltheart, 1996; Coltheart, 
Masterson, Byng, Prior, & Riddoch, 1983; Hanley & Gard, 1995). The 
distinction between these subtypes is often based on a clinical impression 
of the reading behaviour, supplemented with some additional test data. 
Exceptions are the classification procedures followed by Castles and 
Coltheart (correct reading of nonwords versus irregular words) and 
Bakker (substantive errors versus time-consuming errors; see following). 
Although the classification procedures followed by the different authors 
are based on somewhat different grounds, they seem to identify similar 
groups of children: Children suffering from the dyslexic syndrome men-
tioned first in each pair read slowly and show predominantly sounding-
out behaviours, whereas children with the subtype mentioned second 
read at a normal rate, but make relatively many word substitutions. 
An influential model of normal reading in which this distinction be-
tween dyslexic subtypes can be captured is the dual-route model (cf. 
Coltheart, Curtis, Atkins, & Haller, 1993). According to this model, there 
are two different procedures for converting print to speech. First, there is 
a lexical route, in which the stored representation of the word's phonologi-
cal form is directly accessed. Second, a nonlexical route can be followed, in 
which the word's phonological form is assembled after letter-to-sound 
conversion. Several authors have proposed that the existence of the two 
types of dyslexia is due to a deficiency in either the lexical or the 
nonlexical route (e.g. Boder, 1973; Hanley & Gard, 1995; Mitterer, 1982). 
Castles and Coltheart (1993) suggested that the distinction is one of rela-
tive inefficiency: Children who predominantly sound out the words during 
reading would have a lexical route that is relatively less efficient than the 
nonlexical route, whereas the reverse would hold true for children who 
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read at a normal rate but produce substitutional errors. 
Evidence of Strategic Influences in Reading Behaviour 
An important question concerns the role of strategy. In the literature on 
normal and deficient reading, the word 'strategy' is often used more or 
less synonymously with (sub)process of reading. For us, the element of 
control is essential. Thus, the term 'strategy' will be used in the present 
paper in a restricted sense: A way of processing the word, over which the 
reader has control? Within the framework provided by the dual-route 
theory, the question is whether readers are able to control the extent to 
which they use one route or the other. If this is the case, variability in (for 
example) the reading behaviour of different dyslexic children may not, or 
not always, be the outcome of different underlying deficits, but rather the 
result of strategic shifts. As we will see, the present study provides evi-
dence for strategic variation in those aspects of overt reading behaviour 
that are usually regarded as markers for one dyslexic syndrome or the 
other. First, however, we will discuss the results of a number of previous 
studies that give support for the existence of strategic control in normal as 
well as dyslexic readers. 
Normal Readers 
Most studies showing evidence for strategic effects in normal readers 
have involved word recognition tasks, requiring either lexical decision or 
a naming response. In lexical decision experiments, a letter string is pre-
sented and the subject quickly has to press a particular button when the 
string is a word and another button when it is a nonword. (In some stud-
ies two strings are presented simultaneously, in which case the subject 
has to respond positively when both are words.) One way in which au-
thors have attempted to influence word processing strategy is by manipu-
lating the presence of pseudohomophones (nonwords with a phonologi-
cal form similar to real words, such as 'fone' and 'sain') among the stimuli 
Research by Kolk (see Kolk, 1995, for a review) has demonstrated that agrammatic 
aphasies have strategic control over their sentence output and can thereby modify their 
grammatical symptoms, dependent upon speaking task. 
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(Davelaar, Coltheart, Besner, & Jonasson, 1978; Pugh, Rexer, & Katz, 1994; 
Stone & Van Orden, 1993). The intention of including 
pseudohomophones is to make phonological recoding counterproductive, 
as it renders the pseudohomophonic nonwords undistinguishable from 
real words. If subjects would indeed be able to avoid phonological 
recoding, they would be expected to do so in the conditions with 
pseudohomophones. In one such study using a two-word lexical decision 
paradigm, Davelaar and colleagues (1978) compared response latencies to 
homophones (words that sound the same, like 'groan' and 'grown') with 
latencies to matched nonhomophonic controls. In one condition, the 
nonword context consisted of pronounceable nonwords (slint); in another 
condition, it consisted of pseudohomophones (brane). It was found that 
homophones were responded to more slowly when they were presented 
among nonwords like 'slint/ but not when presented among nonwords 
like 'brane.' The authors interpreted this as evidence that subjects were 
able to omit the phonological encoding procedure when reliance on the 
phonological code would produce too many false positive responses, as in 
the case of pseudohomophones. 
In a more recent study, Pugh et al. (1994) also found evidence that 
subjects can control the extent to which they engage in phonological 
processing during visual word recognition. Lexical decision experiments 
were conducted in which the presence of pseudohomophones was ma-
nipulated. The first two experiments—in which lexical decisions had to be 
made on single words—contained target words from a broad range of 
frequency and phonological processing difficulty. Phonological processing 
difficulty was indexed for each target word by counting the number of its 
'unfriendly neighbours': The number of English monosyllabic words 
having the same orthographic 'rhyme' but a different pronunciation (e.g. 
dough/through). It was argued that if subjects in the condition without 
pseudohomophones would rely more on phonological recoding, they 
would be more sensitive to this measure than subjects in the other condi-
tion. The results showed faster and no less accurate responses to word 
trials in the pseudohomophone than in the no-pseudohomophone condi-
tion. Furthermore, the number of phonologically unfriendly neighbours 
had adverse effects on response latencies and accuracy only when there 
were no pseudohomophones present among the nonwords. Apparently, 
the presence of pseudohomophones in the nonword context caused sub-
25 
Chapter II 
jects to avoid phonological recoding and this avoidance made it possible 
for them to do the task faster. Both findings are consistent with the pro-
posal that subjects are flexible in the degree to which they use phonologi-
cally mediated access in word recognition. A latency advantage for words 
among pseudohomophones was found also by Andrews (1982), who used 
50% homophones instead of the 17-30% used in Pugh et al.'s experiments. 
However, Stone and Van Orden (1993), with 100% homophones, found 
the opposite: Slower instead of faster responses to words in a 
pseudohomophone context. It is unclear how these conflicting results can 
be reconciled. 
In addition to lexical decision, authors have also used naming tasks in 
their search for strategic control of word processing routines (Baluch & 
Besner, 1991; Content & Peereman, 1993; Monsell, Patterson, Graham, 
Hughes, & Milroy, 1992; Paap & Noel, 1991; Simpson & Kang, 1994; 
Tabossi & Laghi, 1992). Baluch and Besner (1991), who studied naming 
performance in Persian, found that the effects of word frequency and 
semantic relatedness on naming latencies, which both depend on lexical 
access, were reduced when nonwords were used as fillers. Apparently, 
the presence of nonword fillers induced an emphasis on the nonlexical 
routine. 
Paap and Noel (1991) asked two groups of subjects to pronounce a list 
of words. Both groups received the same orthographically irregular 
words, but in one group these target words were supplemented with 
similar fillers, in the other group with regular words. Subjects who re-
ceived all irregular words had a shorter naming latency on the target 
words than subjects who had participated in the mixed word condition. 
Presumably, when there are only irregular words, subjects emphasise the 
visual access route because the phonological route is likely to give an 
erroneous phonological code with irregular words. 
Monsell et al. (1992) studied naming performance in conditions with 
nonword lists, lists of irregular words, and lists consisting of both irregu-
lar words and nonwords. When subjects received irregular words pre-
sented in a nonword context, they named them more slowly and pro-
duced more régularisation errors3 than when these words were presented 
3A régularisation error is an error involving a replacement of an irregular by a regular 
phonological form, such as pronouncing the latter part of 'pint' like that of 'mint.' 
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without nonwords. The authors argued that subjects relied more on as-
sembled phonology (the nonlexical route) when nonwords were present 
in the list, as a result of which they produced régularisation errors. How-
ever, when only irregular words were present, the subjects relied more on 
directly addressed phonology (the lexical route). 
In a study of naming performance in Hebrew, Frost (1994) found evi-
dence that Hebrew readers—who are said generally to use the lexical 
addressed route (see Frost & Bentin, 1992, for a review)—switch to the 
assembled route when this is made possible. Like English, Hebrew has a 
deep orthography: There is no clear correspondence between orthogra-
phy and phonology. There is also, however, a printed form of Hebrew 
that does have a clear relation between orthography and phonology. In 
this type of print ('pointed Hebrew'), diacritical marks that unequivocally 
convey the phonology of the words are added to the printed text, thus 
making the orthography shallow instead of deep. Diacritical marks are 
present mainly in poetry, reading material for children, and religious 
texts, but not in normal reading material (cf. Frost, 1994). Fluent readers 
of Hebrew read mostly unpointed print but have a large experience in 
pointed print as well. Frost found smaller frequency effects and semantic 
priming effects on the naming latencies in response to the presentation of 
pointed rather than unpointed words. This suggests that the readers were 
using phonologically mediated access more often in pointed than in un-
pointed Hebrew. 
Dyslexic Readers 
Proficient readers may suddenly lose their ability to read as a result of 
brain damage, a condition generally referred to as 'acquired dyslexia'. 
One type of acquired dyslexia—which probably has the most consistent 
set of lesion sites (Patterson & Kay, 1982)—is pure alexia. Patients with 
this type of dyslexia characteristically read words letter-by-letter, show 
abnormally slow word naming, and abnormally large effects of word 
length on word naming latencies (e.g. Howard, 1991; Patterson & Kay, 
1982; Price & Humphreys, 1995; Warrington & Shallice, 1980). Several 
authors have suggested that patients with pure alexia can employ differ-
ent reading strategies, using larger processing units under particular 
circumstances (Coslett, Saffran, Greenbaum, & Schwartz, 1993; Price & 
Humphreys, 1995; Shallice & Saffran, 1986). For example, an alexic patient 
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of Coslett et al. (1993) who was asked to name and categorise words 
semantically could not categorise a word that he had failed to name. 
However, when he had to categorise a word without naming it, he per-
formed consistently above chance. Coslett et al. proposed that their pa-
tient used a letter-by-letter strategy (i.e. the nonlexical route) when he had 
to name the stimulus word, but a whole-word approach (i.e. the lexical 
route) when he had to judge to which semantic category the word be-
longed. 
Margolin, Marcel, and Carlson (1985), who studied a case of acquired 
surface dyslexia, also found evidence for variation in reading behaviour 
as a result of shifts in word processing strategies. Their patient RF made 
use of a variety of response types when trying to name written words. In 
response to a word, she might produce a semantic error4 on one occasion 
and a régularisation error on the next. She used circumlocutions as well 
as letter-by-letter reading. In one experiment, RF was asked to read a list 
of 20 words on 2 separate occasions (lweek apart). On the first occasion 
she was asked to read each word silently and say it out loud only when 
she thought she could give the correct response. On the second occasion 
the task simply was to read each word aloud. The types of responses were 
very different in the two conditions. In the first condition, for example, 
she made four semantic errors (and no circumlocutions) and in the second 
condition eight circumlocutions (and no semantic errors). Although it is 
unclear what the source is of all the different types of responses, RF ap-
parently sometimes uses a whole-word strategy (hence, for example, the 
semantic errors) and sometimes a part-by-part strategy (hence, for exam-
ple, the régularisation errors). 
Purpose of the Present Study 
Although some authors have suggested that differences in overt reading 
behaviour of children suffering from developmental dyslexia often reflect 
differences in strategy (Snowling, 1987; Wilding, 1989), no study so far 
has been reported in which the existence of strategies—in the sense of 
4A semantic error is an error that bears a semantic but not an orthographic relation to 
the target word, like ocean-»-"sea," umbrella-» "rain," and cat->"dog." 
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control over modes of processing—has been demonstrated in their reading 
behaviour. The present study was set up to provide direct evidence for 
strategic influences in developmental dyslexia. One could argue that, 
even if for a particular dyslexic child one route is in general more efficient 
than the other, the child may nevertheless emphasise the less efficient 
other route. A reason for differential emphasis could relate to the fact that 
the two routes have different costs and benefits. Nonlexical reading re-
quires attention to every individual letter or letter group, phonological 
recoding, and reassembly of the word: It takes time and effort, as is 
shown by the fact that children who usually sound out words are usually 
also slow readers. Lexical reading, on the other hand, is fast and effortless 
but has another cost: When the lexical route is not functioning optimally 
(as is the case for children learning to read), it often leads to the selection 
of the wrong word (word substitution). 
In order to investigate the extent to which such strategic control is 
possible in an average group of dyslexic children, we studied their read-
ing behaviour under two experimental conditions. In the first condition, 
we discouraged the time-consuming part-word reading by consistently 
emphasising speed, while the subject was reading. In the second condi-
tion, we discouraged the error-prone whole word reading by 
emphasising accuracy. It was expected that all children, whether they 
would usually show the typical sounding-out behaviour of one type of 
dyslexia or the "typical and virtually diagnostic" (Boder, 1973) word 
substitutions of the other, would show an increase in their frequency and 
proportion of sounding-out responses when instructed to read as accu-
rately as possible, and an increase in substitutional errors when trying to 
read as fast as possible. 
Method 
Subjects 
An initial population consisted of all children between 10 and 13 years of 
age at 2 Dutch special elementary schools for children with learning 
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problems ('LOM'-schools) that had normal or corrected-to-normal vision 
and no known neurological deficits or overt physical handicaps. From 
this group, (all) children were selected that met the following two criteria: 
(1) an overall IQ score of 95 or more on the Dutch version of the WISC-R, 
while both the verbal and the performance IQ scores were at least 85; (2) a 
reading retardation of at least 2.5 years. The magnitude of the reading 
retardation was determined as follows. Each child that met the IQ-crite-
rion was screened with a standardised word reading test: the 'Eén-
Minuut Test' (Brus & Voeten, 1973; see also following). The test enables 
one to compute at which age level of reading a child performs. The actual 
age of the child minus the reading performance age gave the amount of 
reading retardation. The group of children thus selected consisted of 17 
boys and 3 girls, all right-handed. Half of these children attended one 
school and the other half the other school. Another group of five dyslexic 
children (boys), who just failed the stringent IQ-criterion, served in two 
pilot experiments (results not reported) that were conducted to try out the 
experimental procedure (see following). The range of IQ scores of these 
latter children was between 88 and 100 (VIQ: 79-98; PIQ 93-117). 
In both schools, reading was taught with an emphasis on grapheme-to-
phoneme conversion and reading out loud, rather than whole-word 
recognition and silent reading for comprehension. 
Materials 
Two types of reading material were used that were both taken from 
standardised reading tests for use in Dutch elementary schools: Lists of 
unrelated words and meaningful texts. The unrelated words were taken 
from the 'Eén-Minuut Test' (EMT, hereafter) of Brus and Voeten (1973), 
which has two parallel word lists (A + B). Both lists consist of 116 unre-
lated content words of increasing difficulty5 presented in black on a sheet 
of cream-coloured cardboard (8.27 χ 11.69 inch) in 4 rows of 29 words. 
The rows are divided by a thin vertical line. Each of the words is printed 
in lower case letters that have a medium width of approximately 2.6mm. 
5Level of difficulty of the words in the list was empirically defined and related to 
factors such as length and frequency of occurrence (Brus & Voeten, 1973). 
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The other set of reading material, the meaningful texts, was taken from 
the 'AVI-leestest' (Van den Berg & te Untelo, 1977), which consists of 
short stories. There are two stories (A + B) for each of nine reading levels; 
the stories increase in difficulty from level one to nine. Each story is 
printed in black on a separate sheet of white cardboard. From level one to 
nine, the letters decrease in size (from a medium width of approximately 
2.3mm to 0.4mm) and the number of words per sentence and letters per 
word tend to increase. The mean number of words per text ranges from 
81 to 229, with the easiest texts having the lowest number of words. The 
total number of words that could be read maximally by a child participat-
ing in the present experiment was about 4200 (348 unrelated words and 
3856 words within context). The EMT and the AVI test both measure 
technical reading proficiency (decoding proficiency) and yield highly 
correlated results (Dickhout-Rutten, 1984). 
There were several reasons to choose material from existing reading 
tests. First, because reading behaviour may be influenced by text charac-
teristics, it would be best to present exactly the same word list and texts in 
all three conditions. However, this obviously had the risk of inducing a 
learning effect. The EMT and the AVI test each provide two parallel ver-
sions of the reading material, which allowed us to replace one of the three 
stimulus presentations by the parallel version. We chose that to be the 
neutral condition for every child (see following). Second, the more or less 
gradual increase in difficulty of the words in the word lists of the EMT 
(Brus & Voeten, 1973) and of the texts of the AVI (Van den Berg & te 
Lintelo, 1977) enabled us to look at the effect of difficulty on the choice of 
reading strategy. Also, it allowed us to start each session with relatively 
easy stimuli to avoid unnecessary discouragement of the child. 
The children's reading levels had been determined by both schools 
about 6 months prior to the experiment with the EMT. We decided not to 
reassess the children's reading level but to use the school measures for the 
selection of the dyslexic children, because determination of the reading 
level with the EMT in contrast to another reading test had the advantage 
that it made reading level more easily comparable with reading behav-
iour during the experiment. Repeating the EMT immediately prior to the 
experiment would have had the drawback of an extra presentation of 
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part6 of the experimental material. Although children probably became 
somewhat better readers in this period of time, it seemed unlikely that 
their level of performance relative to what may be expected for children 
of the same age would have altered significantly. Moreover, the dyslexia 
criterion employed by us was a reading retardation of at least 2Vi years, 
which ensures inclusion of 'real' dyslexies only, even in the unlikely event 
that considerable changes in reading level occurred. A final reason why 
we considered it implausible that slight departures from a presumed 
absolute level of performance would affect the experimental results ad-
versely is that we employed a repeated measures design, which means 
that each child served as their own control. 
Procedure 
The children were tested individually. Every session took place in a room 
in school during school hours. The sessions were tape-recorded with a 
small unobtrusive microphone that was fastened to the clothes of the 
subject. The child was seated at a table next to the experimenter (the first 
author). No other persons were present. 
Both types of text (word-list and narrative) were presented in three 
conditions. In the first—the Neutral condition—the subject was instructed 
to read aloud in his or her own way. In a second—the Accuracy condi-
tion—the instruction was to read aloud as accurately as possible. The child 
was told that it was no problem if for that reason reading would take 
somewhat longer. The child was urged not to guess. In a third condi-
tion—the Speed condition—the instruction was to read aloud as fast as 
possible, even if that would mean that more mistakes would be made. To 
stress the importance of speed, a stopwatch was used in the latter condi-
tion and every time a word list or story had been read, the experimenter 
said how long it had taken to read it. 
Two groups of 10 children were formed that had approximately the 
same reading level prior to the experiment. The neutral condition was 
administered first to both groups. For one group this was followed by the 
6The children participating in the present study usually read only the first 10 to 30 of 
the (easiest of the) 116 words during the reading proficiency test. 
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Accuracy condition and then the Speed condition; for the other group the 
order was reversed. In the Neutral condition, half of subjects received the 
A-versions of word list and texts and the other half the parallel B-versions 
(again, care was taken that the two halves of each group were similar to 
each other with regard to reading age). In the Accuracy and Speed condi-
tions, the other versions were used: The B-versions were used for the 
group that had received the A-versions during the Neutral condition and 
the A-versions were used for the group that had read the B-versions 
before. In other words, each child read the same reading material in the 
Accuracy and in the Speed condition, but a parallel version of the reading 
material in the Neutral condition. 
Each child took part in six sessions, two sessions for each of the three 
conditions, with about 2 weeks between each session. We decided to have 
two sessions for each condition instead of one, because pilot testing 
showed that the sessions would otherwise be too lengthy. In the first 
session, the word list was presented and the texts with an odd level num-
ber (level one, level three, etc.) were presented to the subject; in the sec-
ond session, the texts with an even level number (level two, etc.) were 
presented. The children received a small present (e.g. a pencil) after each 
session. 
The experimenter did not interfere during the Neutral sessions. The 
Accuracy and Speed sessions, however, were interrupted by the experi-
menter from time to time (but not more than about once per minute) to 
remind the child of the instruction. If a child needed more than 5 minutes 
to read the word list, the child was asked to stop. When reading of a 
particular text took more than 5 minutes, reading was terminated and no 
texts at higher levels of difficulty were presented. 
Data Analysis 
Response Classification 
The recordings of the reading sessions were transcribed and classified 
twice: Once by the first author and once by someone with prior experi-
ence in similar work. Classification consisted of assigning each response-
to-a-stimulus-word to a particular response category; it was done on the 
basis of the recorded response and not afterwards on the basis of the 
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transcription alone. 
Our main objective, of course, was to test the hypothesis that the read-
ing behaviours considered by many authors to be diagnostic for one type 
of dyslexia or the other can be influenced by instruction. It would essen-
tially be sufficient, therefore, to have one category incorporating all re-
sponses with sounding-out behaviours and one including all word substi-
tutions. However, for several reasons it seemed important to us to have a 
more fine-grained classification. First, several types of responses not 
included in either of the main response categories (e.g. word omissions, 
régularisation errors, nonwords) have been associated with particular 
subtypes of developmental dyslexia in the past. By distinguishing be-
tween such responses we could determine their responsiveness to the 
experimental manipulation separately. Second, some classes of 
misreadings have elicited some dispute about whether they occur fre-
quently in developmental dyslexia or not (e.g. semantic paralexias; see 
following). A detailed classification would allow us to address such ques-
tions. Furthermore, the set-up of the present study was to assess the 
reading behaviour of a reasonably large representative group of dyslexic 
children, reading reasonably large numbers of words embedded in two 
distinct (but 'normal') types of reading material, under two different 
reading tasks that can be regarded as opposites. This means that the 
results of this study can be expected to give a relatively good impression 
of the large variation in different overt reading behaviours shown by 
dyslexic children. For this reason, it seemed worthwhile to determine 
separately frequencies of various response categories that did not need to 
be distinguished for the main purpose of our study. 
In short, response categories were chosen on the basis of the following 
considerations. First, of course, the response categories had to reflect the 
distinction in reading behaviour of the two types of dyslexia as they are 
commonly defined (i.e. sounding-out responses and word substitutions). 
Second, as discussed earlier, the categorisation should enable us to distin-
guish response types (e.g. semantic errors, visual-semantic errors) that are 
often mentioned in the literature. Third, the categories chosen should 
enable classification of all types of responses without giving rise to scor-
ing uncertainties; that is, they should lead to reproduceable classifica-
tions. All responses should be assignable to at least one and no more than 
one response category. With regard to this latter point, we decided to 
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categorise responses 'as a whole' (see following). 
On the basis of these considerations and suggestions from the litera-
ture, we arrived at four response category groups, comprising a total of 24 
response categories (see Table II-l). The first group of response categories 
consisted of all correct responses and responses that most native speakers 
of Dutch would consider to be everyday speech variants that are equiva-
lent to the correct responses (Table II-l, CI and C2); all should be uttered 
at a normal rate. Examples of the latter response type are dialect variants, 
responses that show signs of coarticulation (pincode-* "pingcode") or 
suboptimal articulation (walking->"walkin"). Responses were always 
classified as correct unless there were good grounds for not doing so. 
The second group of response categories was for responses showing 
clear evidence of sounding-out behaviour (Table II-l, SI to S5). Responses 
were categorised as such when the stimulus word was uttered part by 
part and from left to right. Such parts could be single letters or letter 
groups and their consecutive utterance could be disjunctive or have an 
almost fluent transition. These sounding-out behaviours could lead to a 
correct response, but also to a nonword: The wrong syllable could be 
stressed, the pronunciation could be erroneous given the present word 
context (pfanetisation error; see also below) and letters could be inserted, 
omitted, transposed or exchanged. If, however, the utterance contained a 
legal but wrong word (e.g. fatter-» "fat-fatter"), the response was categor-
ised as an ambiguous response. The reason was that in such cases, it is not 
clear whether the first part of the response is an attempt at the whole 
stimulus word or at a part of it (see following). 
The third group of response categories entails various forms of word 
substitutions: The stimulus word is exchanged for another existing word 
(Table II-l, Wl to W8). When the substitution had a written form that was 
visually similar to the stimulus word, it was categorised as a visual error. 
Following the customary approach with respect to visual errors (cf. Col-
theart, 1980), we adopted the criterion that at least 50% of the letters in the 
response were also in the stimulus. Note that the erroneous utterances we 
classified as visual errors always corresponded to existing words, alt-
hough many authors have also included nonwords in this category (e.g. 
Blaxall & Willows, 1984; Valdois et al., 1995). If the response bore not only 
a visual resemblance to the target word, but also a semantic one (e.g. 
pond-*"pool"), the response was classified as a visual-semantic error. Faulty 
word responses that consisted of a free morpheme from the target in 
combination with one or more erroneous derivational morphemes (e.g. 
child-»"children"; boyish-*"boys") were categorised as derivational errors. 
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Strategie Control in Dyslexia 
However, since derivational errors (or 'morphological errors' as they are 
sometimes called; cf. Valdois et al., 1995) are both visually and semanti-
cally related to the target, it is not entirely clear whether they constitute 
an error type that needs to be distinguished from the visual-semantic 
errors (see Patterson, 1980, and Funnell, 1987, for a discussion). We will 
return to this issue later. Another word substitution category that we 
employed was the semantic error. Semantic errors are responses that are 
semantically but not visually related to the stimulus word (bush->"tree"). 
The occurrence of this type of error is a distinguishing feature of the 
acquired reading disorder known as deep dyslexia (see Coltheart, 1980). 
Although semantic paralexias occur in developmental dyslexia as well 
(e.g. Aaron, Bommarito, & Baker, 1984; Boder, 1973—see also Marshall, 
1984, p.55—; Johnston, 1983; Stuart & Howard, 1995), they do not seem to 
occur very frequently. For this reason, the question has often been raised 
whether developmental dyslexies ever produce 'true' semantic errors 
(Ellis & Marshall, 1978; Marshall, 1984): The few semantic paralexias in 
dyslexic children may arise from context help in the case of text and pure 
chance in the case of word list reading (see, however, Stuart & Howard, 
1995, who describe a case with developmental deep dyslexia who pro­
duced 24% semantic errors in single-word reading). Of course, other 
types of error might also arise from pure chance: For example, the chance 
of producing a visually related response when one blindly guesses the 
identity of a two-letter target word is at least .16, given that each word 
contains at least one vowel. In the present study, pure semantic errors 
were only categorised as such when the preceding context in the reading 
material could not have given rise to the error. For example, if in text 
reading the story was about an uncle and the child suddenly read "aunt" 
instead of uncle although there was no aunt around in the story, the 
response was classified as a semantic error. However, if the error hap­
pened following a piece of text mentioning an aunt—or clearly implying 
the presence of one—we regarded the response as possibly due to expec­
tancy instead of misidentification of the visual stimulus (in which case it 
would be classified as W8). 
The remaining categories (Rl to R9 in Table Π-1) comprised all residual 
responses. These included not only utterances that lacked the symptoms 
generally considered as diagnostic for one type of dyslexia or the other 
(sounding-out behaviours or word substitutions), but also utterances that 
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were ambiguous because they consisted of both types of responses or 
could be regarded as either. The residual error group incorporated re-
sponses that consisted of a visually related nonexisting word {nonword 
error), responses in which the wrong syllable was stressed (stress error), 
and phonetisation errors. 
The latter category requires some explanation. We define phonetisation 
errors as responses in which graphemes receive a pronunciation that is 
wrong in the context of the present word, but which would have been 
right in the context of a different (native) word. In the literature on dys-
lexic reading, such errors are often called 'phonological errors.' However, 
phonological errors may also incorporate errors in which a grapheme is 
recoded into a sound it never has in the language under consideration 
(cat-*"cag"; cf. Kremin, 1985), and this is not true of phonetisation errors. 
An English example of a phonetisation error would be pronouncing "pint" 
as /pint/ . In the literature on English-speaking dyslexies, errors like these 
are often referred to as 'régularisation errors.' This term, however, is not 
general enough for the present purpose, because it only refers to errors 
resulting from the faulty application of grapheme-phoneme correspon-
dence rules to irregularly spelled ('exception') words. In Dutch, true 
régularisation errors have little chance of occurring because Dutch only 
has a few words that can be seen as exception words, mostly of foreign 
origin (e.g. baby, chauffeur). Exception words did not occur in our word 
lists and occurred only four times in our texts. The phonetisation errors 
occurring in our study were almost always made in response to words 
that, in the literature on Dutch orthography, are considered to be regu-
larly spelled7. 
Dutch orthography is quite regular, at least if one disregards loan words (cf. Booij, 
1995; Van Heuven, 1980). If one placed orthographies along a continuum, ranging from 
languages (such as Finnish) that have an almost perfect one-to-one correspondence 
between graphemes and phonemes to languages (such as English) in which each 
grapheme may stand for several different phonemes, Dutch would probably be located 
toward the regular end (Van Heuven, 1980). Reading Dutch native monosyllabic words 
is relatively simple: The phonemic value of each letter in a monosyllabic word can be 
determined unambiguously if one takes into account a context window of three adja-
cent letters. Polysyllabic words, however, may give more problems. The letter-sound 
conversion of graphemes in polysyllabic words sometimes depends on (1) the syllable 
boundaries, and (2) the word's stress pattern (Van Heuven, 1980). Both sources of 
information may be word-specific: that is, information on the syllable boundary in or 
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Responses that contained both sounding-out behaviours and a word 
substitution, or which could be taken as either of these response types, 
were assigned to a separate category (ambiguous response). 
When the utterance consisted of multiple parts, the entire utterance 
was taken into account, as it is sometimes difficult to determine whether 
an utterance comprises repeated attempts at the entire stimulus word or 
vocalisations of parts of the stimulus word. Sounding out is not always 
sounding out of the consecutive elements of the stimulus word (e.g. 
ants-^'a-n-t-s-ants"). Often, the first utterance is repeated and extended 
in later utterances (e.g. ants->"ant-ant-ants"). If, as is often the case, one 
would want to take into account for classification only the initial or final 
attempt at the entire stimulus, one would have to decide first whether a 
particular utterance (i.e. "ant") is an attempt at the whole stimulus or at a 
part of it. The way the response is uttered often gives a clue in this re­
spect, but this is not always the case. When, in the example, the initial part 
of the utterance would be classified on its own, it would be regarded as a 
word substitution. The complete utterance, however, could be categorised 
as a response with sounding-out behaviour. In the present approach, the 
utterance would be treated as a whole. If neither the intonation nor the 
pronunciation speed gave a clue about whether the subject was sounding 
out, the utterance would be classified as an ambiguous response. If a 
response consisted of a correct response accompanied by (an)other utter­
ance^), it was not categorised as correct, but assigned to the category that 
fitted the accompanying utterance(s). 
A special subcategorisation concerned the nonword responses (see 
Discussion). In our data, there were two groups of nonwords. One group 
resulted from phonetisation errors (R2 and S3). These have already been 
discussed. Another group contained nonwords resulting from other types 
the stress pattern of a word is not always available by applying formal rules. It could be 
argued that for such polysyllabic words direct lexical access is necessary to allow 
retrieval of the extra information, even when these words are spelled regularly. For 
example, the initial letters 'e' in the regular words Ъе ег' and Ъе еГ are pronounced 
differently, because of differences in stress assignment. In the word Ъе ег' the initial 
syllable is stressed and, for this reason, the first 'e' should be pronounced as a long 
vowel (and the other 'e' as a schwa). In the orthographically very similar word Ъе еГ 
stress is on the second syllable and, as a consequence, the first 'e' represents a schwa 
(and the second 'e/ a sound like 'a' in 'cat')· 
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of error. Somewhat surprisingly, most of the members of this second 
group (R3 and S4) appeared to consist of morphemes (e.g. ink-
stand->"inkstar"; fashionable-»"fashionly"). To verify this impression, we 
looked at the morphological composition of these nonword responses; we 
did so only for the word list conditions, because nonword responses were 
very rare in the text reading conditions. To this end, all nonwords of 
categories R3 and S4 (i.e. with the exception of the phonetisation errors) 
were segmented into morphemic parts. When a nonword response con-
sisted of morphemes only, it was rated as a morphemic nonword; when a 
nonword contained a segment that could not be regarded as a morpheme 
or as part of a morpheme, the nonword was categorised as a 
nonmorphemic nonword. This latter category was quite heterogeneous, 
containing cases such as "lemonda" (a morpheme followed by a 
nonmorphemic letter string), "pian," or "cassmotran" (not a single 
substring corresponds to a morpheme). 
Although the categorisation described here would tell us how many 
nonwords consisted of morphemes, it would not distinguish between 
nonwords that resulted from a mistake on just a single morpheme and 
those that resulted from mistakes on two or more. This would only be 
possible by means of a direct comparison between stimulus word and 
nonword response. Therefore, stimulus words were also decomposed 
into morphemes and we counted the number of correct morphemes, 
morpheme substitutions (e.g. Tmschief-*"mischild"), morpheme omissions 
or additions, and nonmorphemic rests (e.g. seaW'seap" or flood-
light-+"ñoodift"). 
Our method of decomposing nonword responses and the stimulus 
giving rise to them deviated from the standard method used by linguists 
in a few ways. First, the segmentation was done strictly on the basis of the 
orthography and not on the basis of the supposed underlying word form. 
This means that we did not decompose a stimulus or response word that 
could not be taken as a sequence of free or bound morphemes without 
altering the word's orthographic appearance. Thus, responses like the 
Dutch word 'starten' (infinitive as well as plural form of the English verb 
'to start') would be regarded as a free ('start') followed by a bound ('-en') 
morpheme, but words like 'leven' (to live) would be regarded as a free 
morpheme integrally: The plural Dutch word 'leven' consists of a stem 
and the suffix '-en/ but the stem is not considered to be 'lev' but 'leev' 
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(Geerts, Haeseryn, de Rooij, & van den Toorn, 1984), which cannot exist 
as such (the word ending -v is illegal in Dutch orthography). An advan-
tage of this procedure was that we could treat stimuli and responses alike, 
as there would be no basis for making changes to the orthographic form 
of responses (e.g. "deviatwer" to "deviate-wer"). Second, morphemes were 
regarded as "free" if they could function as such, notwithstanding their 
role in the particular word or nonword of which they were part. Thus, for 
example, 'in' would be regarded as a free morpheme in the word 'inde-
pendent' or the nonword 'insoap.' Third, words and nonwords were 
decomposed such that the result never included nonmorphemic parts in 
the case of stimulus words and only as few of these parts as possible in 
the case of response nonwords. When a target or response could be seg-
mented in more than one way, it was done such that the number and type 
of morphemes corresponded between target and response as closely as 
possible. Of utterances containing parts that were repeated or revised, as 
happened in utterances in which the nonword was accompanied by 
sounding-out behaviour, only the last (faulty) attempt was taken into 
consideration. 
To assess the validity of our transcription and categorisation criteria, 
we compared these across the two independent evaluators. Transcription 
reliability (reflecting what both observers hear) across evaluators was 92% 
and categorisation reliability (reflecting how both observers would cate-
gorise the response when they would both hear the response in the same 
way) was 96%. Inter-rater reliability of the ultimate categorisation, taking 
into account both sources of errors, was 88% (the possible sources of 
errors are additive). All instances in which an utterance was categorised 
differently by the two evaluators (i.e. 12% of the responses) were tran-
scribed and categorised anew, by both independently. If the result still 
differed, the utterance was discussed by both evaluators together. If there 
still remained doubt about the proper classification, the utterance was 
categorised as 'ambiguous.' 
Statistical Analysis 
After manual classification of each response to a single stimulus word, we 
entered each of these categorisations into a computer file. For each re-
sponse category a sum of all occurrences was obtained per subject, text, 
condition and reading material. This number was divided by the total 
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number of words read to obtain a percentage. This was done for two 
reasons. First, not all children read the same amount of reading material, 
which would have made statistical analysis of the data impossible other-
wise. Second, percentage values make it easier to compare the present 
data with results obtained elsewhere. Mean values were obtained with 
the help of a custom-made software program. 
For most of the statistical analyses, responses involving sounding-out 
behaviours (SI to S5) were considered—with the exception, however, of 
sounding-out responses accompanied by a word substitution (R9)—into 
one overall category for sounding-out responses, and we summed all 
responses involving word substitutions (Wl to W8) into one overall cate-
gory for word substitutions. When a child had read fewer levels of diffi-
culty of a particular type of reading material in one condition than the 
other, only the levels of difficulty read by the child in all three conditions 
were entered into the analyses. This was done to prevent the effect of 
instruction being confounded by the possible effect of difficulty of read-
ing material. 
In addition to absolute frequencies, we were also interested in the 
relative frequencies with which sounding-out behaviours and word substi-
tutions occurred. One could argue that the reading behaviour of a dys-
lexic child can be characterised in terms of the relative use of the two 
reading routes. That is, what is important is not (only) the absolute num-
ber of errors, but also whether the child predominantly makes errors that 
stem from either nonlexical or from lexical reading (cf. Castles & 
Coltheart, 1993; Wilding, 1989). To investigate whether instruction also 
had an effect on the relative proportions of responses with sounding-out 
behaviours and those with word substitutions, we additionally computed 
for each child, condition, and text type the proportion of sounding-out 
responses in sounding-out responses and words substitutions together. 
After an arcsine transformation of the square root (arcsine \/X) of the 
percentage and proportion data (cf. Ferguson, 1976), the data were sub-
jected to analyses of variance for repeated measures. This was done sepa-
rately for the two types of text. Because not all possible contrasts between 
conditions can be assessed within a single analysis of this kind, paired t-
tests (1-tailed) of mutual comparisons between the three conditions were 
also performed. 
In order to examine how reading instruction affects the pattern of 
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reading behaviour at different levels of difficulty of the reading material, 
additional ANOVAs were done on the sounding-out and word-substitu-
tion percentages of both types of reading material, in which level of diffi-
culty was entered as an extra factor. To make it possible to analyse both 
types of reading material in a corresponding way, we subdivided the 
words in the word lists—similarly to the texts—into nine groups repre-
senting nine levels of increasing difficulty. Percentages were calculated 
per subject, text, condition, reading material and level-of-difficulty. Not 
all dyslexies, however, had read both types of reading material up to the 
highest levels of difficulty (of the word list only the first 3 levels were 
read by all of the 20 children and of the texts only the first 6 levels), so we 
compromised by excluding subjects 14,15, and 17 from the word list and 
subjects 14 and 17 from the text data, so as to include a reasonable num-
ber of levels as well as subjects in the analyses: This way, the first 6 levels 
of the word lists and the first 8 levels of the texts could be entered into the 
analyses, with a total of 17 and 18 subjects respectively. 
Results 
Sounding-out Behaviours / Word Substitutions 
Overall Effects 
Analyses of group data showed significant overall effects of instruction 
on the occurrence of sounding-out responses (SI to S5). This effect was 
found both for word list [F(2,38)=10.62, pc.001] and text [F(2,38)=8.00, 
p<.001] reading. Instruction also affected the occurrence of word substitu-
tions (Wl to W8) in both types of reading material [word lists 
F(2,38)=39.60, p<.001; texts F(2,38)=48.10, p<.001] (see Figs. Il-la and lb). 
The difference between the Speed and the Accuracy condition was signifi-
cant for all comparisons: Sounding-out responses occurred significantly 
less often [word lists f(19)=-3.62, p<.001; texts f(19)=-3.28, p<.002] and 
word substitutions significantly more often [word lists i(19)=10.39, p<.001; 
texts f(19)=11.67, p<.001] when the dyslexic children were trying to read 
fast than when they were trying to read accurately. The difference be-
45 
Chapter II 
tween the Speed and the Neutral condition (the latter had been without 
explicit instruction) was also significant for all comparisons: Again, 
sounding-out responses occurred significantly less often [word lists 
f(19)=4.17, p<.001; texts f(19)=3.08, p<.003] and word substitutions signifi­
cantly more often [word lists f(19)=-4.27, p<.001; texts f(19)=-6.45, p<.001] 
when speed was emphasised than when no particular emphasis was put 
on either reading speed or accuracy. Although the difference between the 
Neutral and the Accuracy condition was in the same direction, it was 
much smaller and did not always reach significance: Reading as accu­
rately as possible lowered the percentage of word substitutions with 
respect to the Neutral condition in both types of reading material [word 
lists f(19)=4.12, p<.001; texts i(19)=8.10, p<.001), but did not raise the per­
centage of sounding-out responses with respect to the Neutral condition. 
When sounding-out responses are expressed as a proportion of 
sounding-out responses and word substitutions together, the effect of 
instruction still is significant [word lists F(2,38)=30.11, p<.001; texts 
F(2,38)=45.46, p<.001] (see Fig. Π-2). The proportion of sounding-out 
responses was significantly lower [word lists f(19)=-7.16, p<.001; texts 
f(19)=-8.77, p<.001] in the Speed than in the Accuracy condition; it was 
also significantly lower [word lists f(19)=4.45, p<.001; texts f(19)=5.77, 
p<.001] in the Speed than in the Neutral condition; and it was significantly 
higher [word lists f(19)=-3.32, p<.001; texts t(19)=-3.99, p<.001] in the 
Accuracy than in the Neutral condition. 
In Figs. II-3a and 3b, the change in proportion of sounding-out re­
sponses as a result of reading instruction is presented separately for each 
dyslexic child for both types of text (statistical analysis per individual 
subject is not warranted, however). Every child showed at least some 
effect of instruction in the predicted direction. 
Level of Difficulty 
To study the effect of level of difficulty of the reading material on the 
responsiveness of the dyslexic child to the reading instructions, we also 
computed percentages of sounding-out responses and word substitutions 
separately for each level of difficulty. Both types of responses (sounding-
out responses and word substitutions) were subjected to a 3 χ 6 (reading 
instruction χ level of difficulty) analysis of variance for repeated measures 
in the case of word list reading and a 3 χ 8 (reading instruction χ level of 
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FIG. II-l. Instruction effects on overt reading behaviours (%) during reading of 
word lists (a) and meaningful texts (b). Dyslexic participants were instructed to 
read either as fast or a accurate as possible. 
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FIG. Π-2. Instruction effects on proportion of sounding-out behaviours on total 
of sounding-out behaviours and word substitutions. 
difficulty) analysis of variance in the case of text reading. Three partici­
pants were excluded from the analyses of word list data and two from the 
analyses of the text data (see Method). In the word list reading condition, 
the percentage of sounding-out responses increased significantly 
[F(5,80)=63.70, p<.001] with increasing level of difficulty and the same 
was true for the percentage of word substitutions [F(5,80)=2.31, p<.05]. 
Corresponding to the results of the previous analyses, instruction affected 
both types of responses significantly [F(2,32)=8.05, p<.001 and 
F(2,32)=40.27, p<.001, respectively]. The interaction between instruction 
and level of difficulty was not significant in either case [F(10,160)=1.42 
and F(10,160)=.81]. In the text reading condition, sounding-out responses 
[F(7,119)=10.13, p<.001] and word substitutions [F(7,119)=13.99, p<.001] 
also occurred more often with more difficult texts. The instruction effect 
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of sounding-out behaviours and word substitutions during reading of word lists 
(a) and texts (b), presented separately for each dyslexic child. 
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just failed to reach significance [F(2,34)=2.48, p<.l] for the percentage of 
sounding-out responses, but was significant [F(2,34)=89.85, p<.001] again 
for the percentage of word substitutions. The interaction between instruc­
tion and level-of-difficulty was significant for neither type of reading 
behaviour [F(14,238)=1.28 and F(14,238)=1.02, respectively] (see Figs. Π-
4a, b, c, and d). 
Subcategories of Responses 
Mean percentage values for each of the 24 response categories, separated 
out for the 2 types of reading material and the 3 reading conditions, are 
presented in Table II-2. The table shows that most categories do not occur 
very frequently: Most of them constitute not more than 1% of the reading 
responses on average. 
By far the most prevalent type of utterance is the correct response (CI). 
Not surprisingly, there was a 9% higher frequency of correct responses 
(CI) in both types of reading material with the instruction to read accura­
tely then with the instruction to read quickly. This confirms that the chil­
dren were indeed behaving as intended. Only correct responses that had 
a slight deviation from the standard pronunciation of the target word (C2) 
seemed to become less frequent when accuracy was emphasised, alt­
hough this may not come as a surprise either. 
Among the response types that form part of the two main response 
categories (sounding-out behaviours and word substitutions), sounding-
out behaviour resulting in a correct response occurred most frequently 
(26% on average in the Accuracy condition). With the exception of S4 
(sounding-out utterances containing a nonword), not one of the other 
response categories for sounding-out behaviours exceeded a frequency of 
occurrence of 1% on average. S4 draws attention as it is the only response 
category in the S-group that does not seem to fit into the general pattern: 
Its frequency increased instead of decreased when children read as fast as 
possible. This pattern is similar to the one shown by visually related 
nonwords not accompanied by sounding-out behaviour (R3): Here we 
also find most nonwords in the Speed condition. (Category R4 for non-
words without a visual relationship with the target word remained emp­
ty: Not one single error of this type was made in the entire database). In 
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FIG. Π-4. Sounding-out behaviours (%) and word substitutions (%) during 
reading of word lists fa and b, respectively) at different levels of difficulty of the 
reading material. 
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FIG. П-4. Sounding-out behaviours (%) and word substitutions (%) during 
reading of meaningful texts (c and d, respectively) at different levels of difficulty 
of the reading material. 
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TABLE Π-2. Mean percentages (and SE) of responses of different categories 
Response 
Category 
Cl 
C2 
Si 
S2 
S3 
S4 
S5 
Wl 
W2 
W3 
W4 
W5 
W6 
W7 
W8 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
Word List Reading 
Speed 
49 8 (2 7) 
1 3 (0 3) 
10 6 (1 8) 
0 2 (0 1) 
0 8 (0 3) 
5 7 (0 9) 
0 7 (0 2) 
70(0 9) 
00(0 0) 
03(01) 
3 7 (0 6) 
23(0 6) 
0 3 (01) 
05(0 2) 
81 (0 8) 
00(0 0) 
06(0 3) 
00(0 0) 
02(01) 
3 6 (0 8) 
4 2(0 7) 
Neutral 
50 5 (3 1) 
1 3 (0 3) 
23 1 (3 0) 
01 (01) 
1 2 (0 3) 
3 5 (0 5) 
0 8 (0 3) 
36(0 4) 
0 1 (0 1) 
02(01) 
19(04) 
08(0 2) 
08(0 2) 
06(0 2) 
39(0 5) 
00(0 0) 
00(00) 
00(0 0) 
0 1 (0 1) 
3 0 (1 4) 
4 2(0 7) 
Accuracy 
58 8 (3 0) 
05(02) 
258(3 2) 
0 3 (0 2) 
1 2 (0 2) 
21 (0 6) 
0 5 (0 2) 
17(0 3) 
00(0 0) 
00(00) 
1 5 (0 3) 
0 2 (01) 
06(0 2) 
1 0 (0 3) 
2 0 (0 2) 
0 0 (0 0) 
00(0 0) 
0 0(00) 
00(00) 
18(04) 
18(0 4) 
Speed 
83 3 (1 5) 
0 3 (01) 
1 0 (01) 
0 0 (0 0) 
0 0 (0 0) 
0 2 (0 0) 
01 (0 0) 
09(01) 
01(0 0) 
05(01) 
01(0 0) 
0 5 (0 1) 
41(04) 
15(0 2) 
11 (0 3) 
00(0 0) 
01(0 0) 
05(01) 
00(0 0) 
31(0 4) 
09(01) 
05(01) 
04(01) 
04(01) 
Text Reading 
Neutral 
88 8 (1 3) 
03(01) 
2 6(0 7) 
0 0 (0 0) 
00(0 0) 
01 (0 0) 
00(0 0) 
0 5 (0 1) 
00(00) 
0 2 (0 0) 
01 (0 0) 
0 5(01) 
22(0 3) 
1 2 (0 2) 
04(01) 
00(0 0) 
01(0 0) 
0 4 (01) 
0 0 (0 0) 
09(0 2) 
05(01) 
0 3 (0 1) 
03(01) 
0 4 (0 1) 
Accuracy 
92 4(0 9) 
01(00) 
26(0 5) 
0 0 (0 0) 
0 0 (0 0) 
0 1 (01) 
0 0 (0 0) 
0 3 (0 0) 
0 0 (0 0) 
0 2 (0 0) 
0 0 (0 0) 
0 3 (0 0) 
1 3 (0 2) 
0 7 (0 1) 
0 2 (0 0) 
0 0 (0 0) 
0 0 (0 0) 
02(0 0) 
0 0 (0 0) 
07(01) 
01 (0 0) 
01(0 0) 
02(01) 
03(01) 
Responses were expressed as percentages of total words read, because some children 
did not read all of the reading materials 
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contrast, phonetisation errors (S3 and R2) that were nonwords as well 
were affected by reading instruction in a similar way as sounding-out 
behaviours in general, in that they became more frequent with the in­
struction to read accurately as opposed to quickly [word lists f(19)=2.13, 
p<.05; texts f<l; ANOVAs and other i-tests did not reach significance]. 
Analyses of the nonword responses of categories R3 and S4 showed 
significant overall effects of instruction for both types of text [word list 
F(2,38)=18.16, p<.001; text F(2,38)=11.52, p<.001]. As we just saw, the mean 
percentages of nonword responses were significantly lower [word lists 
f(19)=5.82, p<.001; texts f(19)=4.38, p<.001] during the Accuracy than 
during the Speed condition. The other contrasts were also significant 
[Neutral/Accuracy: word lists i(19)=1.98, p<.05, texts i(19)=2.46, p<.01; 
Neutral/Speed: word lists f(19)=-3.78, p<.001, texts i(19)=-2.61, p<.01]. 
Two further subanalyses of these nonword responses concentrated on 
their morphemic structure (see Method). These analyses were limited to 
the nonword responses arising during the word list conditions because of 
their rarity during text reading. Three subjects (14,15, and 17) were exclu­
ded from the analyses for lack of nonword responses in one or more 
conditions. Seventy-three percent of the nonword responses consisted of 
morphemes only. In a first analysis, two types of nonword responses 
were compared: Nonwords consisting of morphemes only and nonwords 
also containing one or more nonmorphemic parts. Morphemic and non-
morphemic nonwords appeared to be affected by reading instruction in a 
similar way, although not to an equal degree (see Fig. Π-5). A 3 χ 2 analy­
sis of variance (instruction [3] χ nonword type [2]) showed that nonword 
type [F(l,16)=105.52, p<.001] as well as instruction [F(2,32)=18.34, p<.001] 
had highly significant effects. The interaction just failed to reach signifi­
cance [F(2,32)=2.87, p=.07]. 
A second analysis concerned the morphemes themselves. This analysis 
focused on the free morphemes present in the nonwords because non-
words involving bound morpheme substitutions were relatively rare. 
Reading instruction affected the proportion of free morpheme substituti­
ons in a similar way as it did word substitutions: In the Speed condition 
37% on average (SE=2.4) of the morphemes was substituted, whereas in 
the Accuracy condition it was 27% (SE=3.6). In the Neutral condition an 
intermediate score was obtained (M=30%, SE=2.7). The overall effect of 
instruction on morpheme substitutions was significant [F(2,32)=3.37, 
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p<.05]. Instruction also had a significant effect on the proportion of correct 
morphemes. Free morphemes were more often identified correctly in the 
Accuracy than in the Speed condition, with an intermediate score for the 
Neutral condition (Speed: M=45%, S£=3.4; Neutral M=52%, SE=2.9; Accu-
racy M=59%,SE=4.4) [F(2,32)=4.80, p<.01]. Omissions and additions of 
free morphemes were rather rare and the instruction did not reach signifi-
cance in this respect (Speed: M=4%, SE=1.0; Neutral M=2%, SE=0.7; Accu-
racy M=2%,SE=1.5) [F(2,32)=2.41, p=.ll]. Replacement of a free morphe-
Nonword responses (%) during Word List reading 
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FIG. II-5. Nonword responses (%) made during word list reading for each of the 
three reading instructions. Nonwords solely consisting of morphemes and non-
words that were completely or partly nonmorphemic are shown separately. 
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me by something that was not a morpheme was more common (Speed: 
M=15%, SE=3.1; Neutral M=15%, SE=2.4; Accuracy M=12%,S£=2.4). 
However, the effect of reading instruction was not significant in this case 
either [F(2,38)=l]. 
As with regard to sounding-out responses, subcategories of word 
substitutions were also not equally frequent. If one considers only those 
categories that were valid for both types of reading material (the catego-
ries for context errors and function word substitutions were left out of the 
classification of word list responses), there was a predominance of res-
ponses that were visually (Wl) or (visually and) derivationally (W7) 
related to the target word. In word list reading most responses were just 
visually related to the target and in text reading most were also derivatio-
nally related. All joint types of error occurred more frequently during 
word list than during text reading, even the category for word errors 
without an apparent target-response relationship (W8). 
Of the response categories not containing either a sounding-out behavi-
our or a word substitution (Rl to R9), most were not very frequent. Disre-
garding the 'ambiguous' errors (R8 and R9) for the moment, the highest 
percentage of errors made during word list reading was of the visually 
related nonwords (R3; see earlier). Nonword errors, however, were rather 
infrequent when the children were reading meaningful texts. In contrast, 
word omissions (R5) occurred more frequently during text reading: It was 
the only error type among the residual responses that occurred more 
often than 1% on average in at least one of the three text reading conditi-
ons. A considerable number of utterances consisted of sounding-out 
behaviour together with a word substitution (R8). This was only true, 
however, when children were reading word lists and not when they were 
reading texts. The response category to which responses are assigned that 
cannot unambiguously be assigned to one of the other categories (R9) was 
again relatively larger with word list than with text reading. 
Some of the response categories may seem almost nonexistent when 
one looks at the group means. However, such categories may neverthe-
less be quite clearly present in the behaviour of just one or a few particu-
lar subjects. For this reason, we also present in Table П-За and 3b mean 
percentages of the various response categories for the two reading materi­
als and opposing instructions separately for each individual dyslexic 
child. (To limit the amount of d ata the Neutral condition was excluded, 
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TABLE П-За. Word List Reading 
Response 
Category 
Cl 
C2 
SI 
S2 
S3 
S4 
S5 
Wl 
W2 
W3 
W4 
W5 
W6 
W7 
W8 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
0 
% 
0 
6 
1 
15 
11 
1 
11 
0 
19 
16 
1 
5 
14 
13 
3 
20 
15 
20 
17 
3 
5 
1 
% 
0 
10 
1 
5 
8 
4 
7 
1 
1 
4 
5 
8 
6 
5 
5 
3 
3 
10 
2 
Speed Condition 
2 
% 
0 
3 
1 
0 
1 
1 
3 
3 
1 
1 
4 
1 
2 
5 
3 
% 
0 
0 
1 
0 
2 
1 
1 
2 
1 
1 
1 
0 
1 
4 
4 
% 
0 
1 
0 
0 
2 
0 
5 
1 
1 
0 
1 
0 
5 
% 
0 
4 
1 
0 
2 
1 
1 
1 
1 
2 
1 
β­
ίο 
0 
4 
8 
9 
3 
3 
3 
0 
3 
> 
10 
20" 
8 
2 
4 
2 
1 
0 
% 
0 
13 
0 
16 
7 
5 
14 
4 
20 
20 
5 
17 
14 
10 
13 
20 
20 
20 
19 
5 
8 
1 
% 
0 
6 
0 
2 
8 
10 
4 
9 
11 
2 
3 
6 
6 
1 
8 
4 
Accuracy 
2 
% 
0 
1 
0 
2 
5 
4 
2 
3 
3 
1 
2 
3 
1 
4 
3 
3 
% 
0 
0 
0 
3 
0 
1 
1 
0 
3 
Condition 
4 5 
% % 
0 0 
0 0 
0 0 
1 
0 1 
1 1 
1 0 
Ο­
ΙΟ 
0 
3 
1 
1 
1 
> 
10 
20e 
17 
hach cell contains the number or participants in the group (N = 20) producing responses of the 
type indicated at the beginning of the row with the percentage indicated at the top of the 
column. "The percentages are rounded numbers, except for 0% (no errors) and 1% at least 1 
error but no more than 1% on average). bRange 30-77%. cRange 41-86%. 
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TABLE II-3b. Text Reading 
Response Speed Condition Accuracy Condition 
category ~~ñ i Ö \ I ¡ Ι Ι ñ i Ö Ι Ά Γ~ 
Cl 
С2 
SI 
S2 
S3 
S4 
S5 
Wl 
W2 
W3 
W4 
W5 
W6 
W7 
W8 
RI 
R2 
R3 
R4 
R5 
R6 
R7 
RS 
R9 
0 
3 
0 
20 
16 
6 
10 
0 
11 
2 
7 
0 
0 
0 
0 
19 
12 
0 
20 
0 
0 
1 
8 
1 
0 
17 
18 
4 
14 
10 
18 
9 
18 
13 
20 
1 
13 
18 
1 
8 
20 
6 
18 
19 
12 
19 
0 
1 
2 
2 
4 
7 
0 
8 
2 
% % % % % 10 10 % % % % % % 10 10 
0 0 0 0 20* 0 0 0 0 0 0 0 20e  
7 
0 
17 
17 
9 
12 
2 
17 
4 
13 
11 
0 
0 
1 
19 
14 
3 
0 
6 
5 
7 
1 
0 
13 
11 
3 
3 
11 
8 
18 
3 
16 
7 
9 
16 
20 
19 
1 
6 
17 
20 
14 
15 
13 
19 
Each cell contains the number of participants in the group (N = 20) producing responses of the 
type indicated at the beginning of the row with the percentage indicated at the top of the 
column. 'The percentages are rounded numbers, except for 0% (no errors) and 1% at least 1 
error but no more than 1% on average). bRange 69-93%. cRange 81-97%. 
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because it gave more or less redundant information: The highest frequen­
cies of the various response categories mostly occurred either in the 
Speed or the Accuracy condition). In these tables, each cell contains the 
number of participants in the group (N=20) producing responses of the 
type indicated at the beginning of the row with the percentage indicated 
at the top of the column. For example, in row Rl of Table II-3a (word list 
reading) there is a number 14 in the first column of the Speed as well as 
the Accuracy condition. This means that 14 out of 20 dyslexic children did 
not make any responses in which stress was assigned to the wrong sylla­
ble in either of the two experimental conditions. The number 6 in the 
same row in the 1% column of the Speed condition tells us that the other 
six children made just a few such errors. The numbers in the 2% and 3% 
columns of the Accuracy condition indicate, however, that three of the 
children started producing more stress errors when trying to read more 
accurately. Thus, the small effect of instruction on mean percentage of 
stress errors (see Table Π-2) is due mainly to three children. 
With regard to semantic errors (W2), Tables II-3a and 3b provide the 
following information. During word list reading, only one dyslexic child 
made an occasional semantic paralexia, but only when instructed to read 
fast. During text reading 3 out of 20 children produced one or more se­
mantic errors when reading accurately; this rose to 9 out of 20 when 
reading fast. A similar pattern can be observed in the category for word 
substitutions that bear a semantic as well as a visual resemblance to the 
target (W4): With word lists, visual-semantic errors occurred in the rea­
ding of 4 children when reading fast and in none of them when reading 
accurately; with texts, these errors arose in 13 subjects in the Speed and in 
7 in the Accuracy condition. 
Discussion 
Overview of Main Findings 
Sounding-out Behaviours vs. Word Substitutions 
The present results provide clear evidence that the reading behaviour of 
dyslexic children can be affected by strategic decisions. When children 
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were instructed to read as fast as possible, they produced relatively many 
word substitutions; when accuracy was emphasised, sounding-out beha­
viours became much more prominent. This was true for both word lists 
and meaningful texts. The instruction effect showed up in a number of 
ways: (1) in the absolute frequencies of the two main error categories, 
sounding-out behaviours and word substitutions; (2) in the ratios of 
sounding-out behaviours and word substitution; and (3) in these ratios 
for each individual dyslexic. We will discuss each of these aspects separa­
tely. 
Let us first look at the instruction effects on absolute response frequen­
cies at the group level, starting with sounding-out behaviours. When 
word lists were presented, the Speed condition elicited significantly fewer 
sounding-out behaviours than did the Accuracy condition. The level 
obtained in the Neutral condition differed significantly from that in the 
Speed condition, but was close to that of the Accuracy condition. With 
text presentation, the same pattern was obtained: Fewer sounding-out 
behaviours in the Speed than in the Accuracy and Neutral conditions, 
although there was no difference between the Accuracy and Neutral 
condition. The purpose of the Neutral condition was to document the 
preferred way of reading of each child. The absence of a clear difference 
between the Neutral and the Accuracy condition with regard to the fre­
quency of sounding-out behaviours could have been a consequence of the 
fact that the reading method employed by the schools from which the 
children were recruited emphasised decoding skills: As Barr (1974) sho­
wed that teaching methods can over-ride natural preference, the instructi­
on to read "in your own way" may not have been compelling enough to 
neutralise this effect of teaching method on frequency of sounding-out 
behaviours. 
Substitutional errors were affected by instruction in the opposite way. 
When children were reading word lists they made significantly more 
word substitutions in the Speed than in the Accuracy condition and signi­
ficantly more in the Speed then in the Neutral condition, whereas in the 
Neutral condition they produced significantly more substitutions than in 
the Accuracy condition. Text reading gave rise to a similar pattern of 
results. Response frequencies were also influenced by level of difficulty of 
the reading material. Both in word list and in text reading, the number of 
sounding-out responses as well as the number of substitutional errors 
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increased significantly when the reading material became more difficult. 
When the ratios of sounding-out behaviour and word substitution 
frequencies were considered, we again observed clear effects of instructi-
on. For both word list and text reading, we found significant differences 
between all conditions in the predicted direction. That is, going from the 
Speed to the Neutral to the Accuracy condition, there was a steady increa-
se in the proportion of sounding-out behaviours with respect to the total 
of sounding-out responses and word substitutions. 
The instruction effect was not only observed at the group but also at 
the individual level. Both in word list and in text reading, every individu-
al child showed an increase in proportion of sounding-out behaviours 
relative to word substitutions in the Accuracy condition as compared to 
the Speed condition. There was variability in this respect, with some 
children showing only small, negligible effects and others very large ones. 
This was particularly true for the conditions in which children were rea-
ding texts as opposed to word lists. For example, subject 13 demonstrated 
a shift in proportion of sounding-out behaviours from about .6 to .9 while 
reading word lists and from about .2 to .7 while reading texts. A differen-
ce between the two types of text is that the proportion of sounding-out 
behaviours is much higher (and that of word substitutions lower) in the 
word list condition for all children. Furthermore, when looking at the 
word list data, some children (e.g. subjects 9 and 17) appeared to be al-
most unable to alter their behaviour in response to the reading instructi-
on. Following Castles and Coltheart (1993), one could assume that the 
reading behaviour of these two children is somehow fixed by the relative 
inefficiency of one of the two routes. However, in the text conditions, the 
same two children showed evidence for considerable shifts. Although a 
dyslexic child may fail to respond to a particular instruction that is meant 
to induce a strategic shift, it does not follow that this child is unable to 
make that shift under all circumstances. 
In addition to instruction, the level of difficulty of reading material also 
turned out to be important. More difficult materials led both to more 
sounding-out responses and to more substitutional errors. This finding 
validates our use of sounding-out responses and word substitutions as 
basic parameters of dyslexic reading behaviour. The interaction with 
instruction was only significant with regard to word substitutions in text 
reading. This means that in the present experiment, the dyslexic children 
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typically did not change their reliance on a particular reading strategy 
when faced with more difficult materials. It is possible, however, that a 
wider range of difficulty of reading material would have shown such a 
change in behaviour. 
Specific error categories 
What was the effect of instruction at the level of the specific error catego­
ries? In answering this question we will look both at error types that form 
part of the two major error categories—sounding-out behaviours and 
word substitutions—and at those that were kept separately. 
Sounding-out behaviour followed by correct naming of the target word 
(SI) occurred very frequently and showed a large effect of instruction. 
Utterances involving wrong assignment of stress—whether accompanied 
by sounding-out behaviour (S2) or not (Rl)—increased in frequency in 
the Accuracy condition as compared to the Speed condition, at least in 
word list reading (in text reading stress errors were virtually absent). 
Stress errors can be seen as an outflow of nonlexical reading. If a word 
has an irregular stress pattern, stress can only be assigned correctly after 
consultation of the word's internal representation. Therefore, the instructi­
on to read accurately may be expected to lead to an increase in this type 
of error, as we found. 
Phonetisation errors8 with (S3) as well as without (R2) sounding-out, 
became more prevalent in the Accuracy condition as compared to the 
Speed condition. As with the stress assignment errors, this was only true 
for word list reading, text reading eliciting very few errors of this type. 
Phonetisation errors can be considered concomitant with nonlexical rea­
ding: Whenever a word is analysed by phonemic recoding of sublexical 
orthographic units instead of the orthographic word form as whole, there 
is a chance that the resultant phonemic structure differs from that of the 
target word, even though the conversion of the orthographic into phono-
In our study, responses were only categorised as 'phonetisation errors' when they 
contained a pronunciation of a particular grapheme that was faulty in its present word 
context, but that would have been correct in a different one. However, when the resul­
ting response was a word, it was categorised as 'ambiguous/ because in such a case it 
would be unclear whether it was the result of a word substitution or a phonetisation 
error. For this reason, all responses categorised as phonetisation errors were nonwords. 
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logical units is correct when regarded in isolation. The fact that the fre-
quency of phonetisation errors not accompanied by sounding-out behavi-
our (R2) was affected by reading instruction in a similar way as sounding-
out behaviours supports the assumption that phonological errors and 
sounding-out have the same provenance: sublexical recoding. 
Quite unexpectedly, responses containing a nonword that was not the 
result of a phonetisation error became less frequent when accuracy rather 
than speed was stressed. This was true when the nonword was produced 
after sounding out (S4) or on its own (R3). It has often been suggested 
(e.g. Saffran, 1985; Temple, 1985) that nonwords result from nonlexical 
reading, because through the lexical route only real words can be produ-
ced. The nonword result, therefore, does not seem to fit the hypothesis 
that by stressing accuracy nonlexical reading is promoted. In the follo-
wing, however, we will suggest a way in which differential access to 
either of the two reading routes can be obtained. The mechanism we will 
propose also provides a possible solution to this apparently contradictory 
finding. 
Virtually all subcategories of word substitutions showed the expected 
pattern: A lower frequency in the Accuracy as compared to the Speed 
condition. There was a preponderance of visual and derivational errors in 
word list reading and of function word substitutions and derivational 
errors in text reading (it should be noted that function word substitutions 
could not occur in word list reading). 
A final set of errors to be discussed are the residual error categories 
word omissions (R5), word additions (R6), and word transpositions (R7). 
These errors become less frequent when accuracy is stressed, just as we 
found with the word substitutions. This congruency suggests that they 
are associated with the use of the lexical route, although it is by no means 
clear how. 
Implications 
Subtyping 
What implications do the present results have for subtyping dyslexic 
children on the basis of their overt reading behaviour? To answer this 
question, we classified all dyslexies participating in the present experi-
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ment on the basis of their word list reading in the Neutral condition, 
using a procedure developed by Bakker (1990; Bakker et al., 1990). We 
have chosen this procedure because it is the only explicit one available. 
Moreover, other classification schemes often require the use of other 
behavioural aspects—such as writing errors—besides reading symptoms 
(e.g. Boder, 1973), whereas within the framework of Bakker's approach it 
is sufficient in principle to base the classification of dyslexies on error 
types only (Bakker et al., 1990). 
Bakker distinguishes two types of errors: substantive errors and time-
consuming errors. Substantive errors (Bakker, 1990, p. 18) "include omissi­
ons and additions of letters and words, word mutilations, and such—in 
short, all 'real' mistakes." Time-consuming errors "are not really errors at 
all but instead involve words that are initially read in a fragmented 
(spelling-like) and/or repetitive fashion, but are eventually read correct­
ly"9. Thus, substantive errors seem to correspond most closely to the 
responses we have classified as word substitutions, omissions, additions, 
and nonwords. Time-consuming errors more or less agree with our res­
ponse categories involving sounding-out behaviour (excluding sounding 
out followed by nonword, because such a response would be a 'real er­
ror'). Now, for the classification of the dyslexic children, the reading 
performance of the group as a whole is taken into account. Those children 
making more than the average number of substantive errors and less than 
the average number of time-consuming errors are classified as L-type 
dyslexic. The children making less than the average number of substanti­
ve errors, in addition to making more than the average number of time-
consuming errors, are regarded as P-type dyslexies. 
The outcome of our classification was as follows. In the Neutral conditi­
on, 7 of the 20 children could be classified as L-type dyslexies (dyslexies 
showing the same behaviour as dysphonetic dyslexies) and 6 as P-type 
dyslexic (dyslexies showing the behaviour of dyseidetics); the remaining 7 
could not be rated. Thus, about 65% of the children could be classified as 
either P- or L-type dyslexic: This percentage is similar to what is usually 
Ч пеп the Dutch word 'spellen' is used in connection with initial reading or dyslexia, it 
often means 'sounding-out' (and not uttering the letter names). Bakker uses the word 
'spelling' to denote sounding-out behaviour (personal communication, November 14, 
1996). 
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obtained with this procedure (Bakker et al., 1990). In the Fast condition, 
the classification changed into 17 L-types and 3 Ρ-types. In the Accuracy 
condition, there were 11 P-type dyslexies and only 1 child with L-type 
dyslexia. (In all three conditions, classification was based upon the avera­
ge performance of all children in the Neutral condition.) In summary, the 
classification of dyslexies in subtypes can vary considerably depending 
on instruction. Apparently, the variation in reading behaviour a dyslexic 
child can exhibit is so large that, on the basis of this behaviour, the child 
may be diagnosed as suffering from one dyslexic syndrome on one occa­
sion and another dyslexic syndrome on the next. This means that the 
deduction of neurological dysfunctions from characteristics of reading 
behaviour in standard reading situations is a tricky business. Notice, 
however, that this criticism does not necessarily apply to classification on 
the basis of additional tasks such as writing (Boder, 1973) and exception 
word/nonword reading (Castles & Coltheart, 1993). 
Castles and Coltheart (1993) as well as Manis, Seidenberg, Doi, 
McBride-Chang, and Petersen (1996) did not employ the reading of con­
ventional texts, but rather the reading of nonwords and exception words 
as their diagnostic criterion. Their purpose was to bring the subjects to 
rely on processing in either one route or the other. More specifically, 
nonwords were presumably read only via the nonlexical route, as subjects 
do not have internal representations of nonwords, whereas exception 
words were thought to be processed via the lexical route, as phonological 
recoding of their parts would lead to erroneous pronunciations. In other 
words, the intention of employing nonwords and exception words is to 
pin down word processing to one route. But are these really strategy-free 
tasks? We think this is an empirical question. It is conceivable that strate­
gy plays a role in these tasks as well. As described in the Introduction, 
Monsell et al. (1992) observed slower reading and more régularisation 
errors with exception words when these words were presented in the 
context of nonwords. According to the authors, this was a consequence of 
greater reliance on the nonlexical procedure. Thus, at least in normal 
readers, exception word reading seems to be sensitive to strategic influen-
ces. It is possible that nonwords show effects of strategic variation as well. 
Apart from differences between our study and those of Castles and 
Coltheart (1993) and Manis et al. (1996) with regard to type of reading 
material, the studies also differ with respect to the dependent variable. In 
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their studies, the focus was on rate of success (percentage of words read 
correctly). Now, could we expect to find the same strategic effects if sub-
jects were tested on their success at reading? Although we do not know 
what the answer would be with nonwords/irregular words as stimuli, we 
don't think that there is reason to expect that reading strategies won't 
influence reading success, since our results did not only show strategic 
effects on various error types, but also on the percentage of words read 
correctly. 
Orthography 
The present study was done with readers of Dutch. Dutch is an alphabetic 
language that has a quite regular orthography (see footnote 7). This raises 
the question of whether the likelihood of changes in reading strategies 
depends partly on the characteristics of the orthography. That is, are 
readers of regular languages such as Dutch more likely to vary their 
reading strategies than are readers of languages that are more irregular, 
such as English? The answer to this question is probably affirmative. In 
regular languages, most words can be read successfully in two ways, by a 
lexical and by a nonlexical procedure, whereas in irregular languages 
many words can only be read correctly in one way. For this reason, rea-
ders of irregular languages may be less inclined to change from a lexical 
to a nonlexical strategy, for this would give them a higher risk of making 
errors on irregular words. 
Strategic Control 
Proposing a Mechanism 
Our results suggest that readers can emphasise either lexical or nonlexical 
word recognition routines. The dual-route model as it was originally 
formulated (Baron & Strawson, 1976; Coltheart, 1978; Frederiksen & Kroll, 
1976) implied that after an initial stage of letter identification, both routes 
are accessed in parallel. At the same time, it was admitted (Coltheart, 
1978) that subjects could control the extent to which they use one route or 
the other. This hypothesis was formulated again by Coltheart and Rastle 
(1994). However, the notion of differential use cannot easily be reconciled 
with that of parallel access. Recently, Norris (1994) proposed a model of 
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reading aloud in which different levels of spelling-to-sound correspon-
dence are combined in an interactive-activation network. In this model, 
strategy shifts between lexical and nonlexical reading are explained by 
assuming that the weightings of the different levels can be altered inde-
pendently. However, as Norris acknowledges (1994, p.1222), this differen-
tial weighting is not something the model can do by itself. Thus, his ac-
count is not yet complete. 
Recent research in eye movements during reading (Hendriks, 1996) 
allows us to propose a mechanism by which differential use is possible, 
despite parallel access to both routes. Normal adult subjects were instruc-
ted to read meaningful texts in either of two ways. In one condition, they 
were asked to pronounce the words subvocally. In the other condition, 
they had to "silently read for meaning." Presumably, the subvocal-reading 
condition—requiring phonological recoding but not necessarily semantic 
activation—led to an emphasis on nonlexical reading, whereas the 
reading-for-meaning condition induced an emphasis on lexical reading. It 
was found that the first condition as compared to the second was charac-
terised by (1) a larger number of fixations (and shorter saccades), (2) a 
longer fixation duration, and (3) a lower vergence velocity. Apparently, 
even proficient readers who were well able to read and understand the 
same text with fewer fixations adapted to the subvocal reading task by 
fixating more often. To account for these findings Hendriks suggested 
that readers can adapt to different tasks by adjusting the size of the part of 
text that is analysed in parallel. This adaptation obviously leads to smaller 
saccades and a higher fixation density, but also to a lower vergence velo-
city. Following horizontal saccades, such as those that occur during rea-
ding, the eyes often drift in opposite directions: They move to a more 
convergent position. For rapid aimed movements, it is generally known 
that there is a trade-off between speed and accuracy. As target width 
decreases, movement time increases (Fitts & Peterson, 1964). Thus, the 
lower vergence velocity may have resulted from the fact that in the sub-
vocal reading condition the subjects were aiming at smaller regions of 
text, thus increasing the demand for accuracy. 
How could 'aiming at smaller regions of text' enable readers to use the 
lexical and nonlexical route differentially? The easiest way to address this 
question is by using a unit smaller than a free morpheme as an example. 
A unit smaller than a free morpheme will not lead to lexical access, becau-
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se it does not correspond to a real word. However, it can be recoded 
phonologically. If such a submorphemic unit is attended (either as the 
target of an eye movement or as the 'target' of a fixation), it will be given 
a processing advantage, resulting in faster recognition of the submorphe-
mic unit than the free morpheme or word of which it is part. If, however, 
attention is diffusely distributed over the entire word, the word will 
usually be recognised more quickly. In this way, attending to submorphe-
mic units will give a processing advantage to the nonlexical route. So, 
what we are proposing is not that the reader is somehow choosing one 
route or the other. The reader rather selects a letter string of a particular 
size and if this string corresponds to a free morpheme, lexical access is 
automatically obtained, giving the lexical route priority. If there is no such 
correspondence, processing via the nonlexical route is faster. 
This hypothesis receives direct support from Johnston's (1981) and 
Solman's (1982) studies of the word superiority effect (WSE; i.e. a letter 
can be reported more accurately in the context of a briefly displayed word 
than a nonword). In these studies, it was demonstrated that the WSE 
disappeared when subjects were instructed to attend to the position of the 
critical letter before the whole letter string was presented. These results 
indicate that attending to specific letter positions slows down lexical 
access. 
Our selective-attention hypothesis implies that when many nonwords 
are included in the reading material presented to normal readers, as was 
discussed in the introduction, or when (dyslexic) subjects are instructed to 
emphasise accuracy (this study), words will elicit relatively many fixati-
ons. This prediction still has to be tested. 
The hypothesis also suggests an account for the unexpected finding 
with nonword responses. Consistent with our expectation, the frequency 
of nonword responses due to phonological errors (S3 and R2) decreased 
with the instruction to read fast, as reported earlier. Other nonword res-
ponses (S4 and R3), however, increased in frequency. These latter respon-
ses primarily (73%) consisted of illegal combinations of morphemes. We 
suggest the following account. The instruction to read aloud accurately 
brings the dyslexic reader to select smaller letter strings to minimise the 
chances of making substitutional errors. These strings will rarely corres-
pond to morphemes. However, when these strings are processed through 
the nonlexical route, phonological errors can arise because the correct 
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pronunciation of letters or letter strings often depends upon their context. 
When speed is stressed, these nonword responses due to phonological 
errors should be reduced in frequency, as they are. Conversely, the speed 
instruction brings the subject to the selection of larger substrings (at the 
cost of more errors), because it reduces the time needed for phonological 
assembly. In the case of longer words—which in the reading material 
were often compounds—larger substrings will not yet encompass the 
entire target word, but may still correspond to a free morpheme. If this 
happens, there will be lexical access and the chance of lexical error. In this 
way, the increase in number of nonword responses in categories S4 and 
R3 becomes understandable. As described, this increase was stronger for 
nonwords consisting entirely of morphemes compared to nonwords with 
a nonmorphemic rest. With the latter type of nonwords, it is less likely 
that they originate from morpheme substitution. This may be the reason 
why they show a smaller increase. 
Incorporating Strategic Control Into a Reading Model 
The dual-deficit account proposed by Castles and Coltheart (1993) could 
perhaps be made to incorporate strategic variation. Indeed, Coltheart and 
Rastle (1994) suggest that it is possible for normal subjects to exert strate-
gic control over relative speeds of processing by lexical and nonlexical 
pathways. If strategic control is incorporated in the dual-route model, 
how could the relation between strategy and deficit be characterised? We 
would say that in such an integrated model the specific deficit would 
co-determine the choice of one route or the other. For example, if the 
lexical route is relatively inefficient, there would be a bias to follow a 
nonlexical reading strategy. But this bias would be reversible under speci-
fic task circumstances. If both routines are equally inefficient, there would 
be no bias and task demands would be the primary factor. 
So far, we have discussed our results primarily in terms of the du-
al-route model. What about other models of reading and dyslexia? We 
will limit our discussion to what is, at present, the major competitor of the 
dual-route model: The PDP model of reading and dyslexia (Plaut, McClel-
land, Seidenberg & Patterson, 1996; Seidenberg & McClelland, 1989). 
Adherents of this view agree with proponents of the dual-route model 
that (Plaut et al., 1996, p. 100) "(at least) two pathways contribute to rea-
ding words and nonwords aloud." These pathways are labelled 'phonolo-
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gical' and 'semantic' and correspond to—but are not equivalent with—the 
nonlexical and the lexical route, respectively. The semantic pathway, just 
like the lexical route, can read words but not nonwords, whereas the 
phonological pathway is critical for nonword reading and does better for 
regular than irregular words. In spite of this similarity, there are a num-
ber of important theoretical differences. The most important one relates to 
the use of grapheme-phoneme correspondence rules, which is central to 
the dual-route model and is absent in the activation-based PDP model. 
The results of our study do not bear directly on this issue. A second diffe-
rence relates to the way the two models account for the two types of 
developmental dyslexia. The dual-route model attributes developmental 
phonological dyslexia to a relative inefficiency of the nonlexical route and 
developmental surface dyslexia to a relative inefficiency of the lexical 
route. The PDP model, on the other hand, accounts for developmental 
phonological dyslexia by assuming damage to the phonological pathway, 
but developmental surface dyslexia is not conceived of as the result of 
damage to the semantic pathway. Instead, this dyslexia type is thought to 
arise from an impairment that leads to a general delay in all aspects of 
word reading development (Manis et al., 1996). The impairment responsi-
ble for this delay could be a computational resource limitation or a visu-
al-perceptual deficit. Again, our results have no direct implications for the 
question of which characterisation of the impairment is the most ap-
propriate. 
What our results do bear upon is the issue of selective access described 
earlier. In order for a shift to occur, selective access to a specific route or 
pathway must be possible. In the current PDP model, it is assumed that 
there is a 'division of labour' between the semantic and the phonological 
pathway: Although the phonological pathway is in principle able to read 
all regular words and most exeption words, the semantic pathway can 
take over exception word reading, leaving the reading of the regular 
words and nonwords to the phonological pathway. The actual distributi-
on is supposed to be a function of the individual learning history and the 
specific language and perceptual skills an individual child possesses 
when it starts learning to read. Given the assumption of these relatively 
specialised pathways, could not selective activation of either pathway as a 
function of instruction account for the fact that our results indicate a shift? 
Whether such an account is feasible appears to depend upon two things. 
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First, a mechanism of selective access must be formulateci. Perhaps selec-
ting letter strings of a particular size, which as we proposed earlier could 
make for selective access in the dual route model, would work for the 
PDP model as well: Attending letter strings of a sublexical size 
could—temporarily—lead to selective activation of the phonological 
network. Second, however, it must also be shown that such selective 
activation leads to an increase in sounding-out responses and a decrease 
in word substitutions. Whether the model will actually show this effect is 
hard to say on the basis of the description of the model alone, but could of 
course easily be tested. 
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Vergence Eye Movements 
During Fixations in Reading1 
The purpose of this explorative study was to examine vergence eye 
movements during fixations in reading. Eye movements of twelve normal 
adults were assessed during reading of different materials, that is, words 
within context (prose passages) and words without context (word lists), as 
well as during different tasks, that is, reading while attending to the meaning 
and reading while attending to the sound (words had to be pronounced 
subvocally). Results indicated that vergence velocity was higher during the 
reading of prose than during the reading of word lists as well as being higher 
during reading for meaning than during reading while subvocalising. These 
findings were also true if only the initial 80 ms of each fixation were measured. 
Post-hoc analyses indicated that the effects of text type and reading objective 
were partially, but not entirely, attributable to differences in saccade sizes. 
Findings are taken to suggest that the increase in vergence velocity results 
from readers attending to larger units of the text. 
'Hendriks, A.W. (1996). Acta Psychologien [92, 131-151]. Part of the results has been 
presented at the 18th Scientific Conference on Reading and Reading Disorders (Bern, 
Switzerland, 1991) and on the Sixth European Conference on Eye Movements (Leuven, 
Belgium, 1991). An abstract appeared in Perception [1992,21,52]. 
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Introduction 
Previous research has assessed various aspects of eye movements during 
reading, for example, saccade size, saccadic accuracy, fixation duration, 
gaze duration and optimal landing position (see Rayner & Pollatsek, 1987, 
for a review). Typically, researchers have studied these parameters from 
a monocular perspective. Thus, while there exist some older reports 
regarding binocular aspects of eye movements during reading (Clark, 
1935; Schmidt, 1917; Taylor, 1966), only in recent years have researchers 
resumed study of binocular aspects of reading (Bassou, Pugh, Granié, & 
Morucci, 1993; Hendriks, Kolk, & van der Wüdt, 1991; Hendriks, 1992). 
Binocular assessment of eye movements during reading is particularly 
salient for the study of disjunctive eye movements (i.e. eyes moving in 
different directions), behaviours that frequently occur during saccades 
and fixations, because the angle between the eyes changes then. For 
example, during horizontal and vertical saccades, the eyes may not only 
move in the same direction (conjugately), but with respect to each other 
(disjunctively), as well. These disjunctive aspects of saccades not only 
occur when the gaze is shifted between targets positioned on different 
points in depth, but also when it is shifted between (nearly) equidistant 
targets (Bains, Crawford, Cadera, & Vilis, 1992; Collewijn, Erkelens, & 
Steinman,1988a, b; Enright, 1989; Zee, Fitzgibbon, & Optican, 1992). In the 
first stage of a horizontal saccade, the eyes move away from or outwards 
with respect to each other (i.e. they diverge), while during the second part 
of the saccade, this outward movement changes to an inward movement 
(i.e. the eyes converge). However, the saccade's second-stage convergence 
is often not sufficient to completely correct for its first-stage divergence. 
In essence, some divergence may remain because the movement of the 
abducting eye (i.e. the eye that moves away from the nose) is greater than 
the movement of the adducting eye (i.e. the eye that moves towards the 
nose). In such cases, the saccade ends with some divergence of the eyes, 
which means that the subsequent fixation begins with a fixation error (i.e. 
the fixation axes of the eyes do not cross at the target, but slightly behind 
it). Such fixation errors are more or less corrected by the convergence, 
which occurred in the latter part of the saccade, continuing into the 
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fixation period following the saccade (Collewijn et a l , 1988a; Zee et al., 
1992). 
The motive for the present study was as follows. Although studies 
using light emitting diodes (LED) have consistently found convergence 
during fixations, findings resulting from studies of vergence during 
reading have not been as consistent. Initially, and in agreement with non-
reading studies using LEDs, Schmidt (1917) found that the eyes converge 
during fixations following a line return. When fixations followed smaller 
saccades, such converging adjustments were barely distinguishable on his 
photographic plates; however, because the eyes always seemed to diverge 
during saccades — as he could more easily observe — Schmidt concluded 
that convergence takes place during all fixations, because the divergence 
caused by the saccades required compensation.2 Subsequently, Clark 
(1935), who was aware of Schmidt's study, stated that his readers made 
diverging movements at the beginning of each fixation; findings which 
were consistent with those of Taylor in his extensive clinical observations 
in the 1950's (Taylor, 1966).3 In essence, there appear to be conflicts in 
2The findings of Schmidt were described correctly by Tinker (1936, p. 247). However, in 
1951 and 1958 Tinker stated the opposite, i.e. that the eyes "converge during saccadic 
inter-fixation movement and diverge during the fixation following the movement" 
without mentioning the source of this finding. This latter statement was quoted by 
Rayner (1978) in his review article. 
^Taylor (1966, p.43-44) writes: "...with the average individual there is a slight 
overconvergence of the eyes at the beginning of each new line of print". It is possible, 
however, that his conclusion is based on an erroneous interpretation of his own data. 
Light (from a single source) that was reflected by the eyes was recorded with a film 
camera, for both eyes simultaneously. On the resulting reading graphs with traces for 
both eyes on one single film, a converging movement of the eyes should be visible as a 
decrease in the distance between the tracks, and a divergence as a widening of the 
double track. However, according to Taylor, "a widening of the double track in the eye 
movement photograph indicates that the eyes are overconverged, while a decrease in 
the distance between the two pathways indicates a divergence of the eyes" (p.42). As 
indicated by an explanatory diagram in the book, a possible source of his mistake 
might be that he presumed the right eye track to be on the left side of the film and the 
left eye track on the right side (p.17) (just as the positions of the eyes would be from the 
experimenter's point of view, during recording). The direction of the reading 
movement in the diagram and the reading graphs, which is from left to right, indicates, 
however, that this interpretation is wrong. As a result, a leftward movement of the 
right eye, leading to convergence in reality, would then be wrongly interpreted as a 
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findings regarding vergence eye movements between studies in reading 
versus non-reading tasks, as well as within studies of reading. 
In attempts to explore possible reasons for these conflicts in findings, as 
well as variables that may influence eye movements during reading, the 
present study was designed to objectively assess vergence behaviour as it 
occurs with adult readers in real-life reading situations. To do so, both 
reading material and reading tasks were varied in three separate, but 
related experiments. In Experiment 1 (Text Type), reading material was 
varied through the use of two types of text: Prose passages (words within 
context) and word lists (words without context). Subjects were instructed 
to read both types of text silently. In Experiment 2 (Reading Objective), 
reading task was varied. One appropriate variation of reading task, that 
is, silent reading versus reading aloud, was not possible to use in the 
present study, because reading aloud involves movements of the lower 
jaw and may thus affect eye movement recording (e.g. Schmidt, 1917). 
Therefore, instead of reading-out-loud, the subject was instructed to 
subvocalise, that is, the subject was asked to pronounce the words of the 
text internally (not aloud, but to him- or herself). Silent reading was 
substituted by the more explicit instruction to silently read for meaning; 
the subject was informed that a question would be asked about the 
content immediately afterwards. In brief, in the second experiment, 
subjects read the same meaningful text twice, once while attending to the 
meaning and once while attending to the sound. Experiment 3 
(Repetition) was a replication of the second experiment with new material 
and an investigation of the influence of repetition on binocular behaviour: 
Subjects had to read the prose passage twice with the same instruction. 
Method 
Subjects 
Subjects were eleven adult females and one male, ranging in age from 
20 to 30 years. All subjects served in all three experiments and were 
students of the Psychology Department of the University of Nijmegen. 
leftward movement of the left eye which would cause divergence. 
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Individuals volunteered to participate after an announcement was made 
in a public area. All subjects received credit for their participation, since 
participation in such experiments is part of undergraduate course 
requirements. Subjects were unfamiliar with the equipment, specific 
methods and purpose of the experiment. 
Only individuals that met the following requirements participated as 
subjects in the experiments: (1) normal or corrected to normal vision (by 
contact lenses), (2) native speakers of the Dutch language without 
bilingual upbringing, (3) no known or reports of having suffered brain 
damage or other neurological deficits and (4) no known or reports of 
reading problems. 
Eye Movement Recording 
Horizontal movements of both eyes were recorded with the infra-red eye 
tracking system IRIS. When the frequency bandwidth is from 0 to 100 Hz, 
the IRIS has a dynamic measuring range of 30° with a noise level of 2 min 
of arc in the horizontal direction (Reulen et al., 1988) (During binocular 
measurements, the recording system does not detect changes in eye 
position in the vertical direction). The recording system was firmly fixed 
onto the subject's head and the subject placed his or her chin on a chin 
rest during recording. Voltage output of the IRIS was fed on-line to a 
computer (Olivetti M21) with eye position being sampled at a frequency 
of 200 Hz. Samples were digitally stored for subsequent analysis. 
Material 
Stimuli (presented at a distance of 20 cm from the subject's eyes) were 
three prose passages and three word lists for the first experiment; three 
prose passages for the second and three passages for the third 
experiment. Each of the twelve stimuli was typewritten on white paper 
that was adhered to a separate 13.3 by 6.0 cm card. (Hereafter, the 
expression "stimulus cards" will be used to refer to different prose 
passage as well as word lists.) Capital letters on the stimulus cards 
subtended about 0.4 deg of visual angle horizontally and 0.6 deg 
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vertically; lower case letters 0.4 deg horizontally and 0.5 to 0.6 deg 
vertically. Including spaces between letters, there was a mean of 1.7 
letters per degree. The nine prose passages were taken from a Dutch 
scientific journal about psychology for the general public. Each of these 
prose passages dealt with one particular topic (e.g. violence to elderly 
citizens; unfaithfulness) and consisted of 42 to 55 words, occupying 6 to 8 
lines of typed text. The three word lists consisted of 23 to 26 words 
presented in 4 or 5 horizontal lines. Lines for both prose passages and 
word lists were approximately 10.5 cm long. On either side of each of the 
lines (about 7 mm away) there was a fixation point for calibration 
purposes (to be explained below in the Procedure). These pairs of points 
preceding and following each line were alternately red and black. 
For the Text Type experiment, the content words of the prose passages 
were matched with the unrelated words in the word lists with regard to 
part-of-speech, word frequency, number of letters and number of 
syllables. This was done with help of Celex (Burnage, 1990), a 
computerised lexical database which had a size of 400,000 Dutch words at 
the moment of the experiment. Words in the prose passages and word 
lists were matched on imageability (Van Loon-Vervoorn, 1985). Thus, for 
every content word present on the prose passage card there was a word 
in the corresponding word list card, similar to it in terms of part-of-
speech, number of letters etc. In this way, three prose passage cards (A, B, 
C) were matched with three word list cards (A', B' and C). Stimuli for the 
Reading Objective experiment were two cards with reading passages (D 
and E) differing from those used in the Text Type experiment. Stimuli for 
the Repetition experiment were two prose passages (F and G), with a 
third one serving as a filler (dummy text). Again, stimulus texts for the 
Repetition experiment differed from those used in the Text Type and 
Reading Objective experiments. 
Procedure 
Eye movement equipment was fastened to the head of the subject and 
adjusted. When this equipment could not be adequately adjusted for a 
particular subject within half an hour, the subject was dismissed to avoid 
influences of fatigue. Three such potential subjects were dismissed. 
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The experiment was conducted in a well-lit room, where subjects were 
seated in a comfortable upright position, looking straight ahead. While so 
seated, a chin rest was placed underneath their chin. (A bite-board was 
not used, in order to prevent making the reading situation too 
"unnatural".) Attached to the chin rest was a reading stand on which the 
stimulus cards could be placed. This stand was adjusted in such a way 
that the upper edge of the stimulus card was at the same height as the 
pupils of the subject and that the distance between the eyes of the subject 
and the stimulus card was 20 cm. Subjects were asked to remain very still 
and to try to refrain from blinking during actual recording, since blinking 
produces disjunctive eye movements (Collewijn, Van der Steen, & 
Steinman, 1985). 
The three experiments were conducted in a fixed order in one session 
of approximately 35 minutes. At the beginning and at the end of the 
session, a recording was made while the subject fixated rows of black dots 
presented on a separate card. This was done in order to check for possible 
drifts. (Virtually no drifts occurred during the experimental sessions.) The 
order of experiments was always the Text Type experiment, the Reading 
Objective experiment and the Repetition experiment. Within each of the 
three experiments, the order of conditions was counterbalanced, as was 
the order of stimulus cards within the conditions. Each time a new 
stimulus card was presented to the subject, the card was covered by a 
piece of white paper, leaving visible only the calibration points on both 
sides of the lines of the text. The subject was instructed to fixate the points 
from left to right, one line after the other. After that, the reading 
instruction (see below) was given, the cover was then removed and the 
subject commenced reading immediately. 
Instruction for the first (Text Type) experiment simply was to read 
silently. Two instructions were given in the second (Reading Objective) 
experiment: (1) to read the text while attending to the meaning (subjects 
were informed that a question would be asked about the content) and (2) 
to subvocalise. To "subvocalise", subjects had to pronounce the text 
internally (so not aloud, but to oneself) and they were urged to attend to 
the sound of the words rather than their meaning. (After each 
experiment, subjects were asked whether the instruction had been clear. 
All answered affirmatively). For the third (Repetition) experiment, the 
same two instructions (reading-for-meaning and subvocalising) were 
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given, but now the subjects had to read a particular text twice with the 
same instruction: One text was read twice with the instruction to read-for-
meaning and another text was read twice with the instruction to 
subvocalise. Half of the subjects received text F twice with the reading for 
meaning and text G with the subvocal pronouncing instruction and vice 
versa for the other half of the subjects. The order of instructions and texts 
was counterbalanced. Between the first and second presentation of each 
text (and with the same instruction), a "filler" text was presented for two 
reasons. First, it is not impossible that a short text is remembered almost 
verbatim from first time reading, when it is reread immediately; this could 
encourage the subject to not really read. Thus, by requiring the subjects to 
read another text between the two experimental reading sessions, this 
possibility should be less likely. Second, in the second (Reading Objective) 
experiment, subjects had to read two (D and E) texts twice also (although 
with different instructions), in the order D-E-D-E (or vice versa). In other 
words, each of the texts was reread only after reading of another text. 
Presentation of an in-between text in the Repetition experiment as well, 
made the conditions in the second and third experiments more 
comparable. This was also done in attempts to provide a better estimate 
of the effect of repetition in the second experiment. Subjects were 
informed that they would have to read the texts for a second time after an 
intervening one and they were unaware that the intervening text was 
only a filler. 
Data Analysis 
Recordings were analysed by customised computer programs. For 
maximum accuracy, the eye position samples were analyzed for each 
stimulus line separately, using the calibration dots flanking the same line 
as a reference. A fixation was identified as such when the mean velocity 
of both eyes dropped below 20 deg/s for a period of at least 100 ms. If the 
end of a fixation period was detected, the program checked whether eye 
movement velocity was still above 20 deg/s, if velocity was calculated 
between the last sample pair and the third pair ahead. (This was done to 
rule out the chance that a single out-of-range value would cause the 
program to identify that as the end of the fixation period.) If so, the (first) 
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sample pair was marked as the fixation end. If not, the fixation period 
was supposed to continue (see Fig. Ш-1). The markings of the fixation 
periods were visually inspected and none appeared to need manual 
adjustment. 
The chin rest support of the subject's head and the instruction to 
remain very still, reduced but did not preclude the possibility of minimal 
head movements. If a small lateral movement of the head occurred, the 
position of the eyes would be compensated instantaneously by the subject 
in the opposite direction to keep fixating the same stimulus location. The 
eye movement equipment, which is fixed with respect to the subject's 
head, cannot distinguish between changes in eye position that are and 
those that are not accompanied by a change in fixation location. 
Therefore, no attempt was made to associate fixations with particular 
stimulus locations. Instead, the main eye movement parameters studied 
are those that are relatively robust with respect to minor head 
instabilities: That is, vergence velocity (the velocity of one eye relative to 
the other), saccade size and fixation duration. 
Saccade size was computed for each eye separately by subtracting the 
mean eye position on fixation η from the mean position on fixation η + 1. 
These difference scores were then added and divided by two, to obtain 
the saccade size for both eyes together. Leftward saccades include line 
returns as well as 'true' regressions. The frequency distribution of all 
saccade sizes together (leftward saccades with a negative sign) showed 
two peaks: A large one at the positive and small one at the negative end, 
with a clear dip in between at around 15 deg leftward. This indicated that 
line returns in the present data usually exceed a length of 15 degrees (line 
returns do not necessarily cover the entire line length). Indeed, the 
number of saccades larger than 15 degrees to the left was similar to the 
number of line returns that one could expect on the basis of the number of 
lines on the stimulus cards (315 versus 324 expected line returns for the 
Text Type and 264 versus 264 for the Reading Objective experiment). All 
saccades larger than 15 degrees were excluded from further 
consideration: That is, to make leftward and rightward saccades 
comparable, the few rightward saccades larger than 15 degrees (13 out of 
2498 for the Text Type, and 9 out of 1871 for the Reading Objective 
experiment) were excluded as well. Following that, mean saccade size 
was calculated per subject / condition / stimulus card for the remaining 
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FIG. Ш-1 Example of eye movements during reading of a single text. Both 
graphs depict the same representative sample. Upper graph: mean positions of the 
two eyes. Lower graph: positions of the eyes presented separately, with the top 
trace representing the left and the bottom trace the right eye. The small vertical 
bars indicate the points at which the computer program identified the beginnings 
and endings of fixation periods (in the lower graph, only the first fixation is 
marked). Note the very fast vergence movement immediately following the line 
return: The criterion for the identification of fixations of <20 deg/s caused 
exclusion of such initial glissades from the analyses. 
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rightward and leftward saccades (i.e. regressions) separately. 
Mean velocity during a fixation period was computed for each eye 
separately, starting 10 ms after the beginning of the fixation and ending 
10 ms before the end. A positive number for movement velocity of each 
eye indicates a movement of that eye to the right; a negative number, a 
movement to the left. Vergence velocity was calculated for each fixation 
by subtracting the mean velocity of the right eye from the mean velocity 
of the left, taking the absolute value of the result. Thus, vergence velocity 
is the speed of the vergence movement, regardless of whether it concerns 
convergence or divergence. Mean fixation duration was computed over 
the entire fixation period (thus including the 10 ms at beginning and 
ending). 
Outliers among the vergence velocity and fixation duration measures 
were identified per subject/condition/stimulus card subset. All measures 
within such a subset that were either two-and-a-half times the standard 
deviation above or below the mean were considered outliers. (This 
procedure excluded virtually all fixations following blinks from the 
vergence computations.) The overall percentage outliers was around 3% 
for each of the three experiments. 
Results were analysed by the statistical software program SPSS-X. 
Mean values were calculated for each subject, per stimulus card and per 
condition and analysed by the following analyses of variance, unless 
indicated otherwise. The data obtained in the Text Type experiment were 
analysed by a 2 χ 3 analysis of variance (text type χ stimulus card pair), 
the data of the Reading Objective experiment by a 2 χ 2 analysis of 
variance (instruction χ stimulus card) and the data of the Repetition 
experiment by a 2 χ 2 analysis of variance (instruction χ repetition). 
Results 
Vergence Velocity during Fixations 
Text Type Experiment 
The mean velocity of the vergence movement during the fixations was 
significantly higher [F(l,ll)=33.66, p<.001], when subjects were reading 
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TABLE ΙΠ-1 Mean Vergence Velocities During the Complete Fixation Period 
and During the Initial 80 ms of Fixations (deg/s) 
Experiments 
Text Type Experiment 
Mean 
SD 
Reading Objective 
Experiment 
Mean 
SD 
Repetition Experiment 
1st Presentation 
Mean 
SD 
2nd Presentation 
Mean 
SD 
Vergence Velocities 
Vergence Velocity During 
Complete Fixation Period 
Passages 
2.3 
0.7 
Reading for 
Meaning 
2.2 
0.6 
Reading for 
Meaning 
2.4 
0.7 
2.4 
0.9 
Word Lists 
1.5 
0.4 
Subvocal 
Reading 
1.8 
0.6 
Subvocal 
Reading 
1.9 
0.6 
1.9 
0.7 
Vergence Velocity During 
Initial 80 ms of Fixation 
Passages 
3.9 
1.0 
Reading for 
Meaning 
3.6 
0.9 
Reading for 
Meaning 
4.0 
1.1 
4.0 
1.1 
Word Lists 
2.8 
0.8 
Subvocal 
Reading 
3.3 
1.0 
Subvocal 
Reading 
3.4 
1.0 
3.5 
1.1 
prose passages than when they were reading word lists (see Table Ш-1). 
There was no significant effect [F(2,22)<1] of stimulus card pair on 
vergence velocity: Difference in vergence velocity between text and word 
list was similar in all three pairs. The factors text type and stimulus pair 
did not interact [F(2,22)=1.43, p=.26]. 
The relative contribution of the two eyes to the vergence movement 
depended on the direction (left vs. right) of the preceding saccade: It was 
the adducting eye which made the largest contribution.4 After a 
4The values given should be interpreted with caution: Frequencies of the leftward and 
rightward saccade amplitudes in the present data base differed considerably. Fixations 
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rightward saccade, the right eye moved with an average velocity of 1.1 
deg/s (SD=0.7) in the opposite direction of the saccade (i.e. to the left) and 
the left eye with an average velocity of 0.2 deg/s (SD=0.6) in the same 
direction as the saccade (i.e. to the right). After a leftward saccade, the left 
eye moved to the right with an average velocity of 1.5 deg/s (SD=0.8) and 
the right eye to the left with 0.5 deg/s (SD=1.0). 
The vergence velocity measure computed in this study depicts the 
mean velocity of the vergence movement during fixations, regardless of 
whether it actually is convergence or divergence. Seventy-four percent 
(74%) of all fixations resulted in a more converged position of the eyes, 
9% ended without a noticeable difference in vergence angle and 17% were 
fixations that resulted in a more diverged position of the eyes. Two 
additional analyses, one for converging and one for diverging fixations 
only, showed that convergence velocity was significantly [F(l,ll)=35.50, 
p<.001] higher during prose passages (M=2.4; SD=0.7) than during word 
lists (M=1.5; SD=0.4), but there was no difference in divergence velocity 
between prose passages (M=0.9; SD=0.2) and word lists(M=0.9; SD=0.3). 
There was no significant effect of stimulus card or an interaction with it in 
either of the additional analyses. 
Although most of the fixations showed a converging drift, the ratios of 
numbers of converging and diverging fixations differed for different 
subjects. For instance, for subject 1 95% of the fixations showed 
convergence, whereas for subject 4 only 43% were converging fixations (a 
percentage slightly less than her percentage of diverging fixations). All 
other subjects made more converging than diverging fixations (see Table 
III-2). The relative proportions of fixations with different types of 
vergence did not differ very much between the two conditions (results 
not shown). 
Reading Objective Experiment 
Vergence velocity during fixations was significantly higher [F(l,ll)=20.08, 
p<.001] when subjects were reading texts for meaning, than when they 
were pronouncing the text subvocally (see Table Ш-1). There was no 
significant effect [F(1,11)<1] of stimulus card on vergence velocity; both 
texts showed the same effect of reading objective on vergence velocity. 
following line returns were included. 
91 
Chapter III 
TABLE Ш-2. Percentage of Fixations With Convergence 
and Fixations With Divergence, per Subject 
Subject 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Text Type Experiment 
Percentage 
With 
Convergence 
95 
86 
60 
43 
65 
85 
75 
79 
76 
79 
89 
59 
Percentage 
With 
Divergence 
1 
5 
18 
49 
30 
10 
14 
7 
17 
14 
7 
27 
Reading Objecnv« 
Percentage 
With 
Convergence 
93 
89 
56 
51 
70 
74 
72 
76 
75 
84 
79 
62 
; Experiment 
Percentage 
With 
Divergence 
4 
5 
24 
43 
24 
17 
17 
12 
19 
7 
11 
29 
The table does not include percentages of fixations without an apparent change in 
vergence angle. Therefore, the percentages per subject per experiment do not add up to 
a hundred. 
There was no interaction between the two factors [F(1,11)<1]. 
Similar to the Text Type results, the relative contribution of both eyes to 
the vergence movement seemed to depend on the direction (left vs. right) 
of the preceding saccade. After a rightward saccade, the right eye drifted 
with an average velocity of 1.0 deg/s (SD=0.8) to the left and the left eye 
with a mean velocity of 0.2 deg/s (SD=0.6) to the right. Following a 
leftward saccade, the right eye also drifted to the left, but with a lower 
mean velocity than that of the rightward-drifting left eye (M= 0.4 deg/s, 
SD=1.0 and M=1.6 deg/s, SD=0.7, respectively). 
Seventy-three percent (73%) of all fixations resulted in a more 
converged position of the eyes, 9% ended without a noticeable difference 
in vergence angle and 18% were fixations that resulted in a more diverged 
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position of the eyes. Two additional analyses, one for converging and one 
for diverging fixations only, showed that convergence velocity was 
significantly higher [F(l,ll)=18.28, p<.001] during reading for meaning 
(M=2.3; SD=0.7) than during subvocalising (M=1.9; SD=0.7), but there 
was no significant difference [F(1,11)<1] in divergence velocity between 
reading for meaning (M=1.2; SD=0.5) and subvocalising (M=l.l; SD=0.3). 
There was no stimulus card effect and no interaction with it in either of 
the additional analyses. 
Again, different subjects had different proportions of converging 
fixations among the total number of fixations they made, although they 
all appeared to make more converging than diverging fixations. For each 
individual, this proportion did not differ substantially from that 
observed in the text type experiment (see Table ΠΙ-2). There was no clear 
difference between the proportions of converging fixations in the two 
conditions (data not shown). 
Repetition Experiment 
There was no significant effect [F(l,ll)=1.12, p=.31] of repetition on 
vergence velocity (see Table III-l). Again, however, vergence velocity was 
significantly higher [F(l,ll)=5.36, p<.05] during reading for meaning than 
during subvocal pronouncing. There was no significant interaction 
[F(1,11)<1] between repetition and instruction. 
Seventy-eight percent (78%) of all fixations resulted in a more 
converged position of the eyes, 4% ended without a noticeable difference 
in vergence angle and 18% were fixations that resulted in a more diverged 
position of the eyes. An analysis on converging fixations alone 
demonstrated that for these fixations, the effect of repetition on vergence 
velocity did not reach significance [F(l,ll)=3.70, p=.08], the instruction 
effect, however, was again significant [F(l,ll)=5.52, p<.05] (Reading for 
meaning, 1st presentation: M=2.6, SD=0.8; and 2nd presentation M=2.6, 
SD=0.9; subvocal reading, 1st presentation M=2.0, SD=0.7 and 2nd 
presentation M=2.1, SD=0.8). An analysis on the diverging fixations did 
not show significant effects of repetition [F(1,11)<1] and instruction 
[F(l,ll)=1.72, p=.22] (Reading for meaning, 1st presentation M=l.l, 
SD=0.4; 2nd M=1.0, SD=0.4; subvocal reading, 1st M=0.8, SD=0.5; 2nd 
M=1.0, SD=0.4). There were no significant interactions between repetition 
and instruction. 
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Fixation Duration and Vergence Velocity 
A possible explanation of the differences in vergence velocity between 
conditions is that they are due to differences in fixation duration. If, for 
instance, the vergence movement takes place primarily during the first 
part of the fixation period, then a longer fixation duration will give a 
lower calculated vergence velocity. Indeed, mean fixation durations (see 
Table Ш-3) were longer in those conditions in which vergence velocity 
was found to be lower. That is, mean fixation durations were longer in the 
word-list than in the prose condition of the Text type experiment and they 
were longer in the subvocalising than in the reading-for-meaning 
conditions of the Reading Objective and the Repetition experiments. 
These means differ in the same direction as the silent and oral reading 
measures reported elsewhere (e.g. Bouma & de Voogd, 1974; Gray, 1969). 
(In contrast with previous findings (Hyönä & Niemi, 1990; Inhoff, 
Topolski, Viru, & O'Regan, 1994), fixation durations were similar for first 
and second time reading). 
In order to address the concern that the vergence velocity differences 
were due to differences in fixation duration, vergence velocity was 
recomputed by taking the initial 80 ms of each fixation only (analogous to 
the prior calculations of vergence velocity, the first 10 ms after the end of 
the saccade were excluded). Analysis of these data showed that text type 
[F(l,ll)=53.41, p<.001] and reading objective [F(l,ll)=6.03, p<.05] already 
had an effect within the first 80 ms of fixations. There was a significant 
[F(l,ll)=5.24, p<.05] effect of stimulus card on the reading objective, but 
not on the text type data. No significant interactions with stimulus cards 
were found. The effect of reading objective on initial vergence velocity 
was replicated in the Repetition experiment [F(l,ll)=7.24, p<.05]. 
However, congruent with the findings for the entire fixation period, 
repeated reading of the same text with the same instruction did not have 
an effect [F(1,11)<1] and there was, again, no interaction between reading 
objective and repetition [F(1,11)<1]. Thus, mean vergence velocity 
immediately following the offset of saccades was higher during reading 
of prose passages than during reading of unrelated words and it was 
higher when subjects were attending to the meaning of texts than when 
attending to the sound. This was true for all subjects when participating 
in the Text Type experiment, and all but one (subject 1) when partici-
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TABLE III-3. Fixation Durations (ms) 
Experiments Conditions 
Text Type Experiment 
Mean 
SD 
Reading Objective Read 
Experiment 
Mean 
SD 
Repetition Experiment Read 
1st Presentation 
Mean 
SD 
2nd Presentation 
Mean 
SD 
pating in the Reading Objective experiment (see Figs. ΙΠ-2 and ΠΙ-3). 
It is still conceivable, that the differences in vergence velocities can be 
attributed to the duration of the entire fixations. That is, for movements 
in general there exists a relation between initial speed and total duration 
of a movement: Initial speed in movements of long duration is higher 
than in movements of short duration. Thus, a high speed in the initial 80 
ms of a fixation could be the result of the fact that the total time in which 
the movement takes place is longer. However, in the present data, higher 
speeds occurred in fixations of shorter duration, which appears to 
contradict this interpretation. 
Saccade Size and Vergence Velocity 
Another point of interest with respect to fixational vergence is the size of 
the preceding saccade. Previous research with LEDs has shown that 
ssages 
204 
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for Meaning 
200 
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for Meaning 
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244 
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33 
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30 
233 
48 
95 
Chapter ΠΙ 
FIG. IÏÏ-2 Mean velocity offixational vergence during reading of different types 
of text (passages vs word lists). 
vergence velocity during the initial part of a fixation period decreases as a 
function of the length of the preceding saccade (Collewijn et al., 1988a; 
Zee et al., 1992). To investigate whether this relationship exists in reading 
and whether vergence velocity could also be affected by the 
experimental manipulations directly, an additional analysis was carried 
out on the vergence velocity data of the Text Type and the Reading 
Objective experiment (to control simultaneously for the effect of 
differences in fixation duration, vergence velocities of the initial 80 ms of 
the fixations were used). For the two conditions of the two experiments 
separately, all fixations were categorised according to the size and 
direction of the preceding saccade: One group of leftward saccades 
(0-3°) and three groups of rightward saccades (0-3°, 3-6° and 
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FIG. Ш-3 Mean velocity offixational vergence during reading with different 
objectives (reading-for-meaning vs subvocalising). 
6-9°).5 Fixations that did not fall within these four categories (the first 
fixation on each text and fixations following line returns) were excluded 
from the analyses (17% in total for the Text Type and 18% for the Reading 
Objective experiment). 
Similar to initial fixational vergence during viewing of LEDs, initial 
5One might object to the procedure of sorting into groups that the size of the saccade 
groups was so large that the saccade sizes could still vary within each group. To check 
whether the mean size of the preceding saccade was kept under control as was 
intended, mean saccade size was calculated for each group within each condition. It 
turned out that the procedure had effectively reduced the difference in mean saccade 
amplitude between conditions from 2.2 deg to 0.1 deg for the Text Type experiment 
and from 1.4 deg to 0.1 deg for the Reading Objective experiment. 
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0-3 degs 0-3 degs 3-6 degs 6-9 degs 
Leftward Rightward Rightward Rightward 
Saccade Size Group 
FIG. Ш-4. Mean velocity offixational vergence as a function of text type and 
saccade size. (Note: The factor saccade size was not part of the design.) 
vergence velocity during fixations of reading material increased with 
increasing preceding saccade size as well. Interestingly, not all variation 
in vergence velocity within the initial 80 ms of the fixations seemed to be 
attributable to differences in saccade size. Within each of the saccade size 
groups, mean vergence velocities were larger for the prose passages than 
for the word lists (Text Type experiment) and, with exception of the 
largest rightward saccades, they were higher during reading-for-meaning 
than during subvocalising (Reading Objective experiment) (see Figs. Ш-4 
and Ш-5). Data of both experiments were subjected to an analysis of 
variance with the variables condition (2) and saccade size (4) treated as 
factors. For the Text Type data, the factors text type [F(l,ll)=13.45, 
p<.005] and saccade size [F(3,33)=8.02, p<.001] had significant effects. The 
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0-3 degs 0-3 degs 3-6 degs 6-9 degs 
Leftward Rightward Rightward Rightward 
Saccade Size Group 
FIG. Ш-5. Mean velocity offixational vergence as a function of reading objective 
and saccade size. (Note: The factor saccade size was not part of the design.) 
(ordinal) interaction between text type and saccade size was significant 
as well [F(3,33)=3.08, p<.05]. For the Reading Objective data, a significant 
effect of saccade size [F(3,33)=5.86, p<.005] was found, but not of reading 
objective [F(l,ll)=2.23, p=.16]. Their interaction did not reach significance 
either [F(3,33)=1.75, p=.18]. 
Discussion 
Two main findings appear to result from this study. First, a clear 
tendency was found for the eyes to converge during fixations in reading. 
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For almost all of the present subjects, the majority of fixations ended in a 
more converged eye position, a finding more consistent with the early 
observations of vergence in reading by Schmidt (1917), than those by 
Clark (1935) and Taylor (1966) who reported observing only divergence 
during fixations. The present finding of convergence during fixations in 
reading also corresponds with the results of more recent studies in which 
LEDs were used as stimuli (Collewijn et al. 1988a; Zee et al. 1992). 
A second main finding is that the velocity of the vergence drift during 
fixations is affected by reading material and reading task. Vergence drift 
had a higher mean velocity during reading of prose passages than during reading 
of lines of unrelated words as well as when reading for meaning rather than to 
sound out the words internally. This held true when only the initial 80 ms of each 
fixation were taken into account, that is, these differences in mean vergence 
velocity cannot be attributed to differences in duration of the fixation periods. 
Vergence velocities were higher for the initial 80 ms than for the entire fixation 
period, showing that vergence velocity decreases over time (see Collewijn et al., 
1988a, for a similar result). When texts were re-read once, vergence velocity did 
not alter significantly: Neither when the entire fixation period was taken into 
account, nor when only the initial 80 ms were considered. 
The present results suggest that fixational vergence during reading is faster 
when fixations are preceded by large saccades, as has been found previously with 
LEDs as stimuli by Collewijn et al. (1988a) and Zee et al. (1992). The results 
further suggest that higher vergence velocities cannot always be attributed 
entirely to differences in saccade size: Reading material appeared to directly 
affect vergence velocity as well. Although these results were obtained in a natural 
reading situation (that is, without independent manipulation of saccade size), the 
fact that the text type effect still is highly significant when saccade size 
differences are taken into account calls for an explanation. 
One possible explanation is that in both the prose and the reading-for-meaning 
condition, there is an emphasis on the processing of higher-order semantic 
information. Therefore, relatively more top-down information is available to help 
the reader identify words. In the word list and subvocal conditions on the other 
hand, there is much less top-down constraint. This means that in these conditions, 
the reader is more dependent upon the visual input itself, which may lead to an 
increase in number of fixations. If more fixations are made, however, the eyes 
have to be aimed at smaller units of the text. If in particular situations the eyes are 
indeed directed at smaller units, the question becomes: Why would movements to 
small targets be slower? A well-known law that describes the relation between 
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speed and accuracy of movement, Fitts' Law, maintains that there is a logarithmic 
trade-off between the duration and the spatial precision of rapid aimed 
movements (Fitts, 1954). As target width decreases, movement time increases 
(Fitts & Peterson, 1964). Accordingly, Erkelens (1987) found that a small 
target (a single vertical bar) elicited lower vergence velocities than a large 
target (a coarse random-dot stimulus). This means that the vergence 
velocity results might reflect the choice by the subject to attend to larger 
versus smaller parts of the text. 
Perhaps eye movements could be slowed down when the force exerted 
by the agonistic muscle is countered by a simultaneous contraction of the 
antagonist. If an accurate eye movement has to be made, cocontraction 
could serve to stabilise the eye, in a similar way as has been proposed by 
other investigators for movements of, for instance, the hand (Van Galen & 
Schomaker, 1992) and the forearm (Hogan, 1984). Cocontraction 
presumably leads to a reduction of the spatial error of the movement 
result, but, at the same time, it decreases effective movement velocity. In 
agreement with this hypothesis, we have recently found evidence that 
attention to visual detail during maintained fixation leads to an increase 
in amount of cocontraction (Enright & Hendriks, 1994). 
The assumption that lower vergence velocities result from the subject's 
decision to selectively attend to smaller regions of the text corresponds 
with two further aspects of the data. First, slow vergence co-occurred 
with small saccade sizes. That is, the sizes of rightward saccades were 
smaller during reading of word lists than during reading of prose 
passages and they were smaller during subvocalising than during reading 
for meaning (see Table ΙΠ-4). There was a mean of one fixation per word 
on average during reading of prose passages and during reading for 
meaning, a finding consistent with values reported previously for silent 
reading (e.g. Hyönä & Niemi, 1990; Levy-Schoen & O'Regan, 1979). 
Furthermore, the mean number of fixations per word in word list reading 
and subvocalising was 1.9 and 1.3 fixations per word respectively6, a 
result similar to the number of fixations reported by Gray (1925; 1969) and 
Bouma and de Voogd (1974) for oral reading. 
A second aspect of the data which agrees with the assumed relation 
6These values were obtained by dividing the number of fixations by the number of 
words in the text. 
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TABLE Ш-4. Mean Sizes of Leftward Saccades ('Regressions') 
and Rightward Saccades (degs) 
Experiments 
Text Type 
Mean 
SD 
Reading 
Objective 
Mean 
SD 
Repetition 
1st Present. 
Mean 
SD 
2nd Present. 
Mean 
SD 
Saccades 
Regressions" 
Prose 
0.4 
0.2 
Reading for 
Meaning 
0.6 
0.3 
Reading for 
Meaning 
0.8 
0.5 
0.7 
0.4 
Word Lists 
0.5 
0.3 
Subvocal 
Reading 
0.4 
0.3 
Subvocal 
Reading 
0.6 
0.4 
0.6 
0.4 
Rightward 
Prose 
3.4 
0.5 
Reading for 
Meaning 
3.5 
0.7 
Reading for 
Meaning 
3.2 
0.4 
3.5 
0.5 
Saccades 
Word Lists 
2.4 
0.6 
Subvocal 
Reading 
2.8 
0.4 
Subvocal 
Reading 
2.9 
0.4 
3.2 
0.4 
1
 The means for leftward saccades do not include line returns. 
between vergence speed and size of the attended region of text is that 
slow vergence co-occurred with long fixation durations. Fixation 
durations were longer for word lists than for prose passages and longer 
during subvocalising than during reading for meaning (the latter two 
conditions differed, again, in the same direction as silent and oral reading 
(e.g. Bouma & de Voogd, 1974; Gray, 1969), and hence, in those 
conditions in which subjects were presumably attending to smaller text 
regions, which requires a higher degree of accuracy. There is evidence 
that a higher degree of accuracy requires more time. Bouma (1978) found 
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that if the task required accurate fixation of small dots, fixation durations 
were about 100 ms longer than durations of fixations typically made 
during reading. In studies of Coëffé and O'Regan (1987) and Jacobs 
(1987), it was found that saccadic accuracy improved at long latencies. 
Thus, the fact that in the present study smaller saccades co-occurred with 
longer fixation durations supports the notion that the readers were 
actually aiming at smaller regions of the visual stimulus.7 
Apart from their possible implications for the nature of the reading 
process, the present results may be relevant for three additional reasons. 
First, the existence of vergence drifts has salience for the analysis of eye 
movement data. On the one hand, this finding suggests that begin- and 
end-points of fixations should not be selected on the basis of the mean 
velocities of the two eyes together, as it may lead to inappropriate 
inclusion of fixations with extremely high (vergence) velocities. For 
instance, during fixations following eyeblinks the velocities of each of the 
two eyes separately often exceed 50 deg/s, whereas their mean velocity 
may be below 15 deg/s. On the other hand, the existence of vergence 
7An alternative view is provided by O'Regan's strategy-tactics theory of eye movements 
in reading (O'Regan, 1990). This theory is based on the existence of a so-called "optimal 
landing position" effect: The probability of refixating an (isolated) word happens to 
depend strongly on the position within that word that is first fixated (O'Regan, 1990; 
O'Regan & Levy-Schoen, 1987; Vitu, O'Regan, & Mittau, 1990). The exact place at which 
this optimal viewing position is located in each word depends on linguistic characteris-
tics of that particular word (Holmes & O'Regan, 1987) which the reader does not know 
in advance. However, since the optimal landing position is usually located near the 
word's middle, readers choose to aim at this "generally optimal" viewing position: That 
is, readers adopt the global strategy of moving their eyes from word to word, aiming 
for the middle of these words on the basis of low-level visual information (e.g. inter-
word spaces). If the eyes do not happen to fall near the optimal viewing location, a 
"rescue tactic" will occur: The reader will than make a rapid saccade over to the other 
side of the word. In other words, the decision to make a second saccade within a word 
is made only after the first one turned out to have landed at the wrong location. The 
strategy-tactics theory cannot, however, account for the present results. If the extra 
saccades that were induced by the manipulations of text type and reading objective 
result from the rescue tactic, the proportion of rightward and leftward saccades should 
be equal, because the probability of landing to the left of the optimal landing position 
should be as high as landing to the right of it. However, almost all (79%-100%) of the 
extra saccades made in the three experiments happened to be in the rightward directi-
on. This indicates that readers often "deliberately" land on the initial part of the word. 
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drifts implies that criteria for the velocity of each eye separately should 
not be so stringent that fixations or parts of fixations with high—but 
normal—vergence velocities would be excluded. During fixations 
following large saccades (e.g. line returns), the eyes often move with 
velocities much higher than velocities traditionally used as criteria for the 
selection of fixations. 
Second, during vergence eye movements, vision seems to be 
suppressed in a similar way as in saccadic eye movements (Mannings & 
Riggs, 1984; Hung, Wang, Ciuffreda, & Semmlow, 1989). Although 
velocities of vergence drifts are much lower than those of saccades (and 
thus their suppressive effect), it is conceivable that such drifts may affect 
the processing of visual information. This finding is consistent with the 
observation that visual sensitivity is reduced not only during saccades, 
but also during the initial part of fixations (e.g. Ishida & Ikeda, 1989; see 
also Volkman, 1986). 
Third, and finally, vergence is related to accommodation and pupillary 
constriction: Together, these three phenomena constitute the so-called 
"near triad" (Knoll, 1949; Marg & Morgan, 1950). Of these three, both 
accommodation (Kruger, 1980; Malmstrom, Rändle, Bendix, & Weber, 
1980; Winn, Gilmartin, Mortimer, & Edwards, 1991) and change in pupil 
size (reviewed by Beatty, 1982) have been shown to be indicators of 
relative cognitive difficulty across a variety of cognitive tasks. Thus, 
vergence velocity measures might help to further our understanding of 
cognitive aspects of reading. 
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Reading Errors and 
Eye Movements: 
A Developmental Dyslexic Case 1 
Introduction 
Differences in overt reading behaviour of children suffering from 
developmental dyslexia may reflect differences in reading strategy. This 
hypothesis has been proposed by several authors (e.g. Snowling, 1987; 
Wilding, 1989) and has recently been put to test by Hendriks and Kolk 
(1997; see chapter II). In this latter study, it was demonstrated that the 
instruction to read fast leads to an increase in the number of word 
substitutions, whereas the instruction to read accurately increases the 
number of sounding-out responses. The interpretation of this finding was 
that the first instruction induced lexical reading (hence the increase in 
lexical errors) and the second instruction nonlexical reading (hence the 
increase in sounding-out responses). 
How could this selective access to the lexical or the nonlexical route 
occur? The explanation put forward by Hendriks and Kolk was based on 
findings reported in a study of eye movements during normal adult 
reading (Hendriks, 1996; see chapter Ш). In the eye movement study, it 
'Hendriks A.W. & Kolk H.H.J. (in preparation). 
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was observed that the number and duration of fixations depended upon 
the reading task given to the subjects. There were two reading 
instructions: 'read for meaning' and 'read for sound'. Relative to the latter 
instruction, the read-for-meaning instruction led to fewer fixations and 
these fixations had shorter durations. Furthermore, the vergence 
movements made during these fixations had higher velocities. To account 
for these findings, Hendriks suggested that during the read-for-meaning 
condition, the subjects attended to larger units of text than during the 
read-for-sound condition. The units fixated and aimed for by the 
preceding saccade would in the first condition most often correspond to 
words, while in the second condition they would usually correspond to 
sublexical units (individual letters or letter strings). Such a strategy 
would automatically lead to a smaller number of fixations (and larger 
intervening saccades) in the first condition. 
It is known from eye movement research that the programming of 
saccades to smaller targets—which takes place during the prior 
fixation—takes more time (cf. Coëffé & O'Regan, 1987; Jacobs, 1987): 
Hence the effect on fixation duration. Finally, the effect on vergence 
velocity was explained by making reference to Fitts' law (Fitts, 1954; Fitts 
& Peterson, 1964), which states that, given a certain movement amplitude, 
movements to smaller targets are made with lower movement velocities. 
On the basis of this proposal, Hendriks and Kolk suggested that the 
dyslexic children participating in their study obtained selective access to 
the lexical or the nonlexical route by attending to relatively small (and 
thus often sublexical) units in the read-accurately condition and relatively 
large (and thus often lexical) units in the read-fast condition. 
The purpose of the present study was to test this hypothesis directly by 
having a dyslexic child read aloud under different instruction conditions, 
and at the same time record his or her eye movements. It was predicted 
that in conditions in which relatively many word substitutions are made, 
there should be fewer fixations, shorter saccades and higher post-saccadic 
vergence or drift velocity; in conditions in which the child is sounding out 
the words more often, more fixations, shorter saccades and lower 
vergence velocities were expected. 
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Method 
Subject 
The dyslexic child (LK) participating in the experiment attended a regular 
elementary school in Nijmegen, the Netherlands. Upon request of the 
experimenter, LK was introduced to the experimenter by the remedial 
teacher of the school. LK had normal emmetropic vision and normal eye 
movements, no known neurological disorder and monolingual (Dutch) 
upbringing. She was ten years of age, had a verbal IQ of 105 and a 
performance IQ of 92 on the Dutch version of the WISC-R and at the time 
of testing her reading level was 2 years lower than that of her peers. She 
had had normal education (with additional reading lessons from the 
remedial teacher) and was attending school at a grade level normal for 
her age (group 7). LK was right handed and so were her parents and 
siblings. Her parents gave informed consent for her participation in the 
present study. 
Reading Stimuli 
The reading material was taken from a standardised test for measuring 
technical reading proficiency of Dutch school children: the 'Eén-Minuut 
Test' (EMT) of Brus and Voeten (1973). The test has two parallel word lists 
(A and B), both consisting of 116 unrelated content words of increasing 
difficulty. Only the initial, least difficult, 85 (A) and 87 (B) words of the 
lists were used as stimuli, in the same order as in the test. The words were 
printed in horizontal lines in lower case (Helvetica regular, 13 pts) on four 
pieces of white cardboard (A4, horizontal orientation). The words of the 
each of the two word lists occupied ten lines (five lines per carboard); 
there were two cardboards for each of the two parallel word lists (Al, A2, 
BI, B2). The lines, that were aligned at the left, were between 12.3 and 16.1 
cm long. Presentation distance was approximately 40 cm. Including the 
spaces between the letters, there was a mean of 3.3 letters per degree of 
visual angle. 
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Apparatus 
Horizontal movements of both eyes were recorded with the commercially 
available infra-red eye tracking system IRIS (Skalar, The Netherlands). 
When the frequency bandwidth is from 0 to 100 Hz, the IRIS has a 
dynamic measuring range of 30° with a noise level of 2 min of arc in the 
horizontal direction (Reulen et al, 1988) (During binocular 
measurements, the recording system does not detect changes in eye 
position in vertical direction). The recording system was firmly fixed onto 
the subject's head. Voltage output of the IRIS was fed on-line to an IBM 
compatible computer with eye position being sampled at a frequency of 
500 Hz. Samples were digitally stored for subsequent analysis. 
Movements of the head (while wearing the eye movement apparatus) 
were restricted by means of a restraining hood (Schmidt, Germany). The 
hood has a double-shell construction and it covers the entire head from 
top to shoulders, leaving only the face -including the lower jaw-
uncovered. It is made of soft moldable plastic with a filling of small white 
styropor balls in between the shells. The filling of the hood can be sucked 
vacuum with a vacuum pump; the hood thus becomes stiff while 
maintaining its current shape. Wearing the hood can not entirely preclude 
minimal head movements, but because it does make head movements feel 
unpleasant (the only comfortable head position is that in which the hood 
was stiffened), it will generally keep subjects from changing head 
position. In between the recording sessions, the child was frequently 
reminded to sit very still and refrain from head movements other than 
speaking movements. 
Sessions were tape-recorded by means of a DAT-recorder and a small 
microphone that was fastened to the clothes of the subject. The tapes were 
stored for later transcription. 
Procedure 
At the beginning of the experiment, LK was familiarised with the 
equipment and the experimental procedure. The reading instructions 
were explained and the child practised for a few minutes with reading 
material that was similar to the experimental reading material. 
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Subsequently, the eye movement recorder and the fixation hood were 
fastened and adjusted to the child's head (care was taken that 
unobstructed speech movements could be made) and the child was asked 
to sit down on a 'dentist's' chair. The chair was electrically adjusted such 
that thechild was in a comfortable half sitting, half laying position 
(approximately 45°); then, the fixation hood was made vacuum. The 
reading material was also positioned at 45° at a distance of 40 cm, in such 
a way that the third line from the top was at eye level. 
Apart from the child and the experimenter, the child's mother was 
present during the experiment. The experiment took place in a room at 
the psychology department. The room had no windows; it was well-lit by 
conventional light tubes. 
The reading material was presented under two instruction conditions. 
In one condition—the Accuracy condition, (A)—the child was instructed 
to read aloud as accurately as possible. The experimenter told that it was no 
problem if for that reason reading should take somewhat longer. The 
child was urged not to guess. In the other condition—the Speed 
condition, (S)—the instruction was to read aloud as fast as possible, even if 
that should mean that more mistakes were to be made. 
Reading started with cardboards Al and A2 (in that order). The 
cardboards were presented twice: first with the instruction to read 
accurately, then with the instruction to read fast. After a pause of a few 
minutes, the cardboards with words of the parallel word list (Bland B2) 
were presented twice, but now the order of the two instructions was 
reversed. The experimental session started and ended with calibration 
measurements and there were calibrations in between the presentations 
of each cardboard. Immediately following each calibration, the child was 
reminded of the reading instruction and she commmenced reading 
immediately. The child received a small present at the end of the 
experiment. 
Data Analysis 
Eye Movement Analysis 
Recordings were analysed by customised computer programs. The eye 
position samples were analysed for each stimulus line separately. A 
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fixation was identified as such when the velocities of both eyes dropped 
below 20 deg/s for a period of at least 30 ms. When the end of a fixation 
period was detected, the program checked whether eye movement 
velocities were still above 20 deg/s, if velocity was calculated between the 
last sample and the third ahead. (This was done to rule out the chance 
that a single out-of-range value would cause the program to identify this 
as the end of the fixation period.) If so, the (first) low-value sample pair 
was marked as the fixation end. If not, the fixation period was supposed 
to continue. The markings of the fixation periods were visually inspected 
and none appeared to need manual adjustment. The restraining hood and 
the instruction to remain very still made head movements unlikely, but 
did not preclude them. However, post-hoc comparisons of the calibration 
measurements before, during and after each stimulus presentation 
confirmed that no major head movements had occurred. 
Saccade size was computed for each eye separately by subtracting the 
final eye position on fixation η from the initial position on fixation η + 1. 
Saccade sizes of both eyes together were computed by taking the average 
of the left and the right eye of binocular saccades. 
Mean drift velocity during a fixation period was computed for each eye 
separately, starting 10 ms after the beginning of the fixation. A positive 
number for movement velocity of each eye indicates a drift of that eye to 
the right; a negative number, a drift to the left. Vergence velocity was 
calculated for each fixation by subtracting the mean velocity of the right 
eye from the mean velocity of the left eye, taking the absolute value of the 
result. Thus, vergence velocity is the speed of the vergence drift, 
regardless of whether it concerns convergence or divergence. Mean 
fixation duration was computed over the entire fixation period (i.e. 
including the 10 ms at the beginning). 
When a blink occurred, the fixation immediately preceding and the one 
immediately following the blink were excluded from subsequent 
analyses. There were 32 blinks in the accuracy condition and 21 in the fast 
condition. 
Error Classification 
The recordings of the reading sessions were transcribed and classified 
twice: once by the first author and once by someone with prior experience 
in similar work. Classification consisted of assigning each response-to-a-
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stimulus-word to a particular response category; this was done on the 
basis of the recorded response and not on the basis of the transcription 
alone. Four response categories were distinguished: (1) correct responses; 
(2) sounding-out responses; (3) word substitutions; (4) residual errors. 
The first response category consisted of all correct responses and 
responses that most native speakers of Dutch would consider to be every­
day speech variants that are virtually equivalent to the correct responses; 
all should be uttered at a normal rate. Examples of the latter response 
type are dialect variants, responses that show signs of coarticulation 
(pincode -•"pingcode") or suboptimal articulation (e.g. 
walking-»"walkin"'). Responses were always classified as correct unless 
there were good grounds for not doing so. The second response category 
was for responses showing clear evidence of sounding-out behaviour. 
Responses were categorised as such when the stimulus word was uttered 
part by part and from left to right. Such parts could be single letters or 
letter groups and their consecutive utterance could be disjunctive or have 
an almost fluent transition. These spellings could lead to a correct 
response, but also to a nonword: The wrong syllable could be stressed, 
the pronunciation could be erroneous given the present word context and 
letters could be inserted, omitted, transposed or exchanged. If, however, 
the utterance contained a legal but wrong word (e.g. fatter-*"fat-fatter"), 
the response was categorised as a residual error (category 4). The reason 
was that in such cases, it is not clear whether the first part of the response 
is an attempt at the whole stimulus word or at a part of it (see chapter II). 
The third response category entailed various forms of word substitutions: 
The stimulus word is exchanged for another existing word. The fourth 
category comprised all residual responses. This included not only 
utterances that did contained neither sounding-out behaviour, nor a word 
substitution, but also utterances that were ambiguous because they could 
be taken as either sounding-out behaviour or a word substitution or 
because they clearly contained both. Responses were categorised 'as a 
whole' (see chapter Π). 
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Results and Discussion 
The selective attention hypothesis predicts the following differences 
between the two instruction conditions, (a) More fixations in the 
Accurate than in the Fast condition. The effect was as predicted. The 
average number of fixations per line of text was 44 (SE = 3.2) and 30 (SE = 
1.5) respectively (lines containing from 7-15 unrelated words). The Mann-
Whitney U test for independent samples gave ζ = -3.50, with ρ < .001. (b) 
Longer fixation durations in the Accurate than in the Fast condition. This 
effect was obtained. Average (again per line of text) fixation durations 
were 308 ms (SE = 9) and 279 ms (SE = 6) respectively, with ζ = -3.10 and ρ 
< .01. (с) Smaller vergence velocity in the Accurate than in the Fast 
condition. Again, the effect was as predicted. Averaged (per line) 
vergence velocities were .8 degrees per second (SE = .1) for the Accurate 
and 1.5 degrees per second (SE = .2) for the Fast condition. The Mann 
Whitney U test produced ζ = 2.79 with ρ < .01. (d) A larger number of 
sounding-out behaviours in the Accurate than in the Fast condition. Here 
again, the result was as predicted. The total number of sounding-out 
errors was 46 (out of a total of 172 words) in the Accurate condition and 
16 in the Fast condition, with ζ = -2.32, ρ < .05. (e) A smaller number of 
word substitutions in the Accurate than in the Fast condition. This time, 
the effect was in the right direction but relatively small and not 
significant. The number of word substitutions was 24 (out of 172) in the 
Accurate condition and 31 in the Fast condition (p > .05). The number of 
correct responses was 91 and 99 and the number of 'residual errors' was 
10 and 26 respectively. 
We see that, with the exception of a nonsignificant effect on word 
substitutions, all predicted effects were obtained. The lack of effect on 
word substitutions could be due to a small change in procedure. In the 
group study, the instruction was repeated each time the subject made 
about three sounding-out error in the Fast condition or three word 
substitutions in the Accurate condition (but this instruction was not 
repeated more than once a minute). In the present experiment, the subject 
was only reminded of the instruction between calibration blocks, because 
repeating the instruction in between would have interfered with the eye 
movement recordings. This might have lessened the impact of the 
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instruction on the subject. Another difference between the two studies is 
that in the group study, children received much larger amounts of 
reading material, allowing them to have more practise with both 
instructions during the experiment. Despite these possible shortcomings, 
and despite the fact that only a single subject was studied, the experiment 
nicely confirms the hypothesis that dyslexic children have control over 
their reading process and that they exert this control by varying the size 
of the text unit they attend to. 
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To Stare or to Scrutinise: 
'Grasping' the Eye 
for Better Vision1 
Words of a rich variety exist for describing the different ways of 'looking' at a 
target; and one of the major dimensions for such differentiation is the spec-
trum between staring and scrutinising2, between gazing and peering. This 
dimension seems primarily to reflect the level of attention given to details of 
the visual stimuli: A 'cognitive' distinction. Evidence now demonstrates that 
staring and scrutiny also differ in the net muscular forces exerted on the eye; 
during scrutiny, opposing pairs of rectus muscles apparently jointly contract, 
pulling the eye somewhat backward into its orbit, while it stays aimed in the 
same direction. 
^nright J.T. & Hendriks A.W. (1994). Vision Research, 34(15), 2039-2042. James T. 
Enright is staff member of the Neurobiology Unit of the Scripps Institution of 
Oceanography, La Jolla CA, USA. His research was supported by Grant BNS 89-05401 
from the National Science Foundation. 
2,Stare' and 'staring', 'scrutinise' and 'scrutiny' are here used according to their ordina-
ry, non-technical definitions. To 'stare', then, involves casual fixation with no attention 
to detail of the visual scene; to 'scrutinise' involves close, attentive examination, but 
without further implications about cognitive correlates or sequential shifts of attention. 
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Introduction 
Elementary mechanics dictates that if friction is ignored, each static posi-
tion of the eye in its orbit is determined by a unique configuration of 
muscular forces. 'Position' of the eye, however, should not be confused 
with the orientation of the visual axis or the position of the retinal image. 
A given orientation of the visual axis (horizontal, vertical and torsional 
directions) can be achieved by different constellations of forces from the 
extra-ocular muscles. For example, if the tension in both the medial and 
lateral recti were to be increased by, say 20%, no change would be ex-
pected in orientation of the line of sight, or in image positions on the 
retina (at most, only minor changes, dependent on initial eye orientation). 
Instead, such co-contraction would alter ocular position primarily by 
retracting the eye into its orbit. 
Such retractions of the eye, produced by muscular co-contraction, are 
ordinarily neglected in studies of oculomotor performance; and while 
small translations will usually have negligible visual consequences [see, 
however, Enright, 1980, for visual consequences of lateral ocular transla-
tion!], muscular co-contraction may well alter the responsiveness of the 
system to subsequent neural input that is intended to move the eye, 
thereby affecting the dynamics of eye movements. And when—as docu-
mented here—attention to target detail can produce co-contraction, one 
might well expect the attentive eye to show somewhat different dynamic 
behaviour from that of the casually fixating eye. 
Methods 
A two-camera split-image video-recording system was used to monitor 
the position of each subject's right eye from both frontal and temporal 
directions, with about seven-fold magnification on the monitor screen. 
(Enright, 1984a, b). (The system now uses a Panasonic recorder, model 
AG-1960; and also includes a frame-counter.) The lateral view provided 
the information of primary interest here, on front-back displacements of 
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the anterior surface of the cornea; the frontal view provided a control for 
the possibility of consistent changes in fixation direction, which might 
artifactually alter observed displacement of the globe (up to 5 μτη. per 
degree for lateral changes of fixation, under the present target configura­
tion). All measurements were made with the left eye of the subject oc­
cluded with an eye patch. 
Extreme stability of the head, which is essential for these measure­
ments, was achieved by use of a custom-fitted bite board and an 
unpadded steel forehead rest, both of which were mounted on the frame 
to which the cameras were clamped; in addition, the subjects were fre­
quently reminded during the experiments to maintain steady head pres­
sure against the forehead bar. Because the anterior-posterior position of 
the globe can be strongly affected by pressure of the upper eyelid (most 
conspicuously during blinking), measurements were made with the 
eyelid held away from the globe (1-3 mm) by steady tension on a loop of 
adhesive cellophane tape, the lower ends of which were firmly affixed to 
the subject's eyelashes on the outer (i.e. temporal) side of the eyelid (Fig. 
V-l). 
The targets were at about 70 cm distance, at eye level and approxi­
mately in the subject's mid-sagittal plane. The 'stare' target was a circle 8 
cm in diameter (about 6.5° subtense), formed by a line 1.5 mm wide on a 
homogeneous white surround; the 'scrutiny' target, which could be ex­
posed by rotating the other target upward around a horizontal axis, con­
sisted of an identical circle at the same position, in the center of which 
was a set of 11 upper-case letters, 0.9 mm high, arranged to form a verti­
cally-oriented cross 8 x 8 mm. Those letters were near (but not beyond) 
the limits of resolution for all subjects, and were sufficiently close (maxi­
mum separation of 40 arcmin) that they could all be seen foveally without 
scanning. 
Following calibration measurements, the testing procedure consisted of 
about 20 alternations between the 'stare' and the 'scrutinise' targets, at 
about 3-sec intervals. The subjects were instructed to focus attention on 
the letters when they were visible, as though intending to recite them as 
one does with an optometrist's chart; and to maintain the same direction 
of gaze (center of the circle) when the unlettered circle was exposed. 
During subsequent playback of the video recording, two measurements 
of the distance between the frontal surface of the cornea and the 
121 
Chapter V 
BACKWARD
 щ в
 FRONTWARD TEMPORAL ^ — ^ - NASAL 
FIG. V-l. Lateral and frontal views of eye of subject I, as traced on 
video-monitor screen from recording of test session. Image-splitting line is 
electronically interposed between images; ocular retraction/protrusion is mea­
sured in lateral view, between front surface of cornea and that image-splitting 
line. Adhesive cellophane tape clamps outer lashes of upper eyelid; sustained 
tension on that tape raises eyelid from frontal surface of globe. 
image-splitting line (cf. Fig. V-l) were made on the monitor screen for 
each target presentation, the first about 1 sec after target exposure, the 
other 1 sec later; those two measurements were then averaged before 
subsequent data analyses. 
Presumably because of residual instability of head position, the sequen­
tial measurements of corneal position often showed intra-session time 
trends. In order to reduce their impact, stimulus-associated change in 
position was estimated by calculating the mean value of all sequential 
changes in average corneal position, with proper attention to sign, leading 
to (N -1) difference values, where N is the number of target presentations: 
( я , - b J ), ( а
г
 - b
x
 ), ( Ü2 - Ьг ), ( a¡ - i^  )..., where q and b are the ith val-
ues, in the sequence, of two-measurement average position, for viewing 
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conditions a and b, respectively. Variance of these values, S 2д, was calcu­
lated; and variance of the mean change was obtained by dividing S 2Δ by 
( N - 1 ) / 2 [rather than by ( N - 1 )], because of the interdependence of 
sequential differences. 
Five male subjects, between 18 and 35 years of age, participated; all 
have normal, uncorrected acuity, and none has any known oculomotor 
abnormality. Subject I has had extensive prior experience in oculomotor 
experiments; the other four participated for the first time in such a study. 
Results 
Sequential two-measurement averages of relative corneal position in the 
anterior-posterior direction are presented in Fig. V-2, where the regular 
alternation in corneal position in parallel with target alternation is con­
spicuous; greater ocular retraction consistently arose during scrutiny. 
Mean changes in position, with standard errors and Mest values, are 
presented in Table V-l; all the results are statistically significant (p<0.05); 
and 7 of the 8 data series are significant at p<0.001 or less. 
Comparisons of the position of the lateral margin of the iris as seen in 
frontal view demonstrated that steady-state direction of gaze was largely 
unaffected by target alternation (data not presented), thereby eliminating 
concerns that the measured retraction/protrusion might have been seri­
ously biased due to systematically faulty fixation on the 'stare' target. An 
additional measurement series with Subject I, with eyelid untaped (i.e. 
not pulled away from the globe), resulted in very similar average transla­
tion during changeover from staring to scrutiny and back again (mean 
change of 61 μτη. ± 10 μπ\, based on N = 19, vs mean values of 50 д т and 
55 μτη in Table V-l). 
Presumably the 'scrutiny' target, with its small letters that were near 
the limit of resolution, demanded accommodation of the lens that was 
well matched to target distance, while the 'stare' target did not; a result­
ing difference in accommodative state might then have produced changes 
in tension of the extra-ocular muscles mediated by reflex linkage with the 
vergence system (Donders, 1864). Control experiments were therefore 
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FIG. V-2. Two-measurement averages of position of frontal surface of cornea, 
during alternation, at about 3-sec intervals, of targets and of implicit visual task 
('stare' or 'scrutinise'). Roman numerals identify the five subjects. Each subject 
participated in two recording sessions (A and B). Second measurement series for 
subjects IV and V are not reported here because of extremes of eyelid instability 
(subject IV) or head instability (subject V). 
undertaken in order to examine this possibility: The same five subjects 
alternated monocular fixation upon a needle-tip placed at about 20 cm 
before the right eye, and a small vertical cross at about 225 cm, the two 
targets having been carefully arranged to be collinear for the viewing eye. 
Ocular retraction/protrusion due to accommodative vergence (with 
eyelid held away from the globe) was then measured for sets of about 20 
alternations of fixation distance. Those data demonstrated that protrusion 
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of the eye consistently arose for all five subjects during near fixation, with 
average changes in position of the cornea all being highly significant 
(f-test values > 4.0); cross-subject average change in position for the five 
subjects was 41 μτη, with a range from 33-49 μπν. The direction of dis­
placement in these near/far-fixation experiments makes it very unlikely 
that the effects of Fig. V-2 and Table V-l were mediated by accommoda­
tive vergence (see Discussion). 
Discussion 
Staring involves a subjectively relaxed form of vision: Lack of attention to 
details of the scene, absence of any effort to focus the images sharply and 
the vague subjective impression that the whole eye is in a more relaxed 
state than during strongly focussed attention. The data presented here 
demonstrate that ocular protrusion is a consistent correlate of staring; and 
a first suspicion is that such displacement of the globe might simply re­
flect relaxation of the upper eyelid, which, during strong blinking, can 
produce ocular retraction amounting to a large fraction of a millimeter. 
During the experiments described here, the upper eyelid was held away 
from the frontal surface of the eye by 2-3 mm, which should greatly 
diminish, if not entirely eliminate, any displacements caused by changes 
in its state of tension. 
Could residual forces from that eyelid, in areas where it still contacted 
the eye, nevertheless have produced the retraction/protrusion docu­
mented in Fig. V-2 and Table V-l? In order to address that concern, con­
trol measurements were undertaken, in which the eyelid was left in full 
contact with the globe; if the concern is justified, one would predict much 
greater front-back displacements of the globe when the eyelid is in its 
normal position. The data from that experiment (subject I), however, 
indicated that the forward movement of the eye during staring was not 
appreciably greater than that shown when the eyelid was pulled away 
from the eye (61 ± 10 μπι, vs 55 and 50 д т with raised eyelid); this result 
argues strongly that the upper eyelid was not responsible for the retrac­
tion/protrusion observed. Tension from the lower eyelid can also contri-
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TABLE V-l. Ocular Retraction During Scrutiny 
Retraction 
Subject Test Series* During Scrutiny 
(Mean ± SE) 
f-test 
value 
(N-l)/2 b 
I 
I 
II 
II 
Ш 
III 
IV 
V 
I-A 
I-Bc 
Π-Α 
Π-Β 
Ш-А 
ΠΙ-Β 
Г 
V 
55 ± 8 μτη 
50 ± 12 μηι 
36 ± 7 μιη 
52 ± 9 μιη 
39 ± 9 μτη 
35 ± 7 μτη 
41 ± 9 μτη 
41 ± 18 μτη 
6.88 
4.11 
4.90 
5.53 
4.52 
4.72 
4.73 
із^ 
9.5 
10 
10 
9 
11 
9.5 
10 
10 
'Designations correspond to plots of Fig. V-2. 
bDivisor used for calculating variance of mean change (leading to ± value in column 3), 
where N is number of target presentations (see Methods). 
Target located 15° to right of midline; all other tests with target in mid-sagittal plane 
dp<0.05; all other f-test values have probabilities of 0.001 or less, of being due to ran­
dom error. 
bute to retraction of the eye, though to a much lesser extent than the 
upper eyelid; and taping the upper lid does not, in itself, prevent such 
effects. Under ordinary circumstances, however, changes in tension of 
both lids are strongly correlated, as during a reflex eye-blink; so the con­
trol experiment without tape, which indicated no consistent difference in 
retraction, also makes it very unlikely that the observed ocular retraction 
associated with scrutiny was due to the lower eyelid. 
As mentioned above, another conceivable explanation for translation of 
the eye in these experiments is that accommodative vergence might be 
involved, since the 'scrutinise' target demanded sharp image focus and 
the 'stare' target did not. The measurements of ocular translation, due to 
4.5 D change in demand for accommodation, indicated consistent protru­
sion of the eye during near fixation, with magnitudes quite comparable 
with the stare-scrutiny values of Table V-l. If, then, one wanted to attrib-
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ute the results of Table V-l to accommodative vergence, one must pre­
sume that when presented with the unstructured target, the subjects all 
focussed for distances on the order of 20 cm (5 D). (This follows because 
it was the 'stare' target that was also associated with ocular protrusion.) 
Such strong accommodation during 'staring' seems very unlikely on a 
priori grounds, since typical values for the resting state of accommodation 
usually are < 1 D (Owens & Liebowitz, 1983). 
Still another line of evidence also argues against involvement of the 
vergence system in producing the observed translation. When changing 
fixation from far to near (225 to 20 cm), all five subjects showed consistent 
and highly significant pupillary constriction, with a cross-subject mean 
value of about 550 μπι ('near-triad' response). When viewing the 'stare' 
target, however, subjects Ι, Π, ΙΠ and Г all showed modest pupillary 
dilation (average changes in pupil diameter of 68-80 μνη), which, because 
of pupillary involvement in the 'near reflex', suggests slight relaxation of 
accommodation during staring at the unstructured target. (Subject V 
showed the opposite: A pupillary constriction of 213 μπι, on average, 
during staring.) Since relaxed accommodation (225 cm) led to ocular 
retraction, all the evidence speaks strongly against the hypothesis that the 
observed translation of the eye for the stare/scrutiny target contrast was 
an indirect effect mediated by accommodative vergence. 
The remaining possibility is that co-contraction of the rectus muscles 
arises, in a reflex-like way, when one is confronted with demands like 
those presented by fine print; the intent to see fine details of a target 
apparently leads to a firmer 'grasp' of the eye in its orbit. It is an appeal­
ing speculation that co-contraction of the recti might improve visual 
function by stabilising orientation of the eye, just as increased muscular 
tension in both agonist and antagonist may well stabilise posture of the 
forearm and hand (Hogan, 1984) or improve accuracy of writing move­
ments (Van Galen & Shomaker, 1992). Testing this hypothesis during 
scrutiny would require fine-scale monitoring of high-frequency miniature 
eye movements. 
While the observed steady-state translations of the eye were quite 
consistent in direction across target alternations (Fig. V-2), they were of 
relatively small magnitude, being comparable with the transient ocular 
retraction that arises during and immediately after a horizontal saccade of 
about 4° (Enright, 1986). Saccade-associated translation is approximately 
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proportional to saccadic excursion; it presumably anses due dynamic 
co-contraction: The imbalance of forces in the horizontal recti necessary to 
drive the eye movement (Enright, 1986, Fig. V-l). Such translation differs 
from that measured here in that it rapidly decays, presumably due, at 
least in part, to elastic rebound of the orbital tissues (half-time on the 
order of 100 msec). 
Steady-state retraction, associated with scrutiny, can be expected to 
increase the resistance of the eye to rotational forces because of greater 
pressure between the globe and orbit. Furthermore, greater static tension 
in the extra-ocular muscles can be expected to alter their responsiveness 
to a given change in motorneuron activation. Such changes in the oculo-
motor 'plant' can then be expected to produce changes in the dynamics of 
subsequent eye movements (saccadic excursion, velocity and accuracy), 
all as indirect consequences of the nature of the target and the intentions 
of the observer. In other words, it seems likely that the attentive eye 
would behave and respond differently from the staring eye. Experiments 
testing that hypothesis will be reported elsewhere (Hendriks & Enright, in 
preparation). Together with the present study, those results demonstrate 
that data on ocular translation, and the associated muscular 
co-contraction can contribute importantly to the understanding of the 
performance of the oculomotor-system. 
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Summary and Conclusion 
In the literature on normal reading, it is generally agreed upon that read-
ing is an automatic process that, given a particular visual input, leads to 
word recognition via a fixed set of operations. In this dissertation, the 
question was raised to what extent a reader can influence this process, in 
spite of its automatic character. To study this question, the dual-route 
model has served as the working model of normal word reading. In this 
model, it is assumed that there are two main procedures which lead from 
visual input to the pronunciation of a word. The lexical procedure in-
volves direct access from orthographic to lexical representations. The 
nonlexical procedure works indirectly. Via the application of a set of 
grapheme-phoneme correspondence rules, a phonological representation 
is assembled, which gives access to the lexical representation. The two 
procedures are supposed to work in parallel, although they can influence 
one another to a certain extent. The specific research question of this 
dissertation therefore was: Can readers give one route priority over the 
other? That is to say, are they able to make sure that their reading is pri-
marily lexical under some circumstances and nonlexical under other? In 
studies with normal adults, which we discussed above, it has been ob-
served that in specific situations, nonlexical reading is emphasised. This 
happens, for instance, when the list of words to be read contains a large 
number of nonwords. In such a case, readers tend to read irregular words 
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as if they are spelled regularly (the so-called régularisation errors). If 
normal readers have control over their reading process, what about im-
paired readers, in particular dyslexic children? Notwithstanding the fact 
that the normal acquisition of the reading skill is impeded, will they also 
show such control? 
In the study with dyslexic children, which was described in chapter Π, 
the subjects were instructed to read word lists and texts aloud. They 
received one of two instructions. They had to read either as fast or as 
accurately as possible. The assumption was that the instruction to read as 
fast as possible would make it less beneficial for the subject to use the 
nonlexical procedure, since this procedure requires time-consuming 
transformation of graphemes into phonological word representations. 
The instruction to read accurately was supposed to have the opposite 
effect. Next to these two conditions, there was a third one, the 'neutral' 
condition, in which the subjects had to read in their habitual way. The 
errors made during the reading aloud task were classified into a large 
number of categories. The most important of these were word substitu­
tions and sounding-out responses. Word substitutions were supposed to 
stem from the use of the lexical route, whereas sounding-out responses 
would result from the use of the nonlexical route. The outcome of this 
study was that the instruction to read fast led to an increase in the num­
ber of word substitutions, while the instruction to read accurately pro­
duced an increase in the number of sounding-out responses. The conclu­
sion was that dyslexic children have control over the use of the lexical and 
the nonlexical reading route. 
The above result led to the question in what way the selective use of 
reading procedures is accomplished, in normal as well as in impaired 
reading. In chapter ΠΙ, an investigation was reported of eye movements 
during reading by unimpaired adult subjects, which indicated a possible 
mechanism of selective access. Subjects were presented with two types of 
verbal material: word lists and meaningful texts. The instruction was to 
read silently. It was found that the average number of fixations per word 
and the average fixation duration decreased when words were presented 
in a meaningful context. In a second experiment, reading instruction was 
manipulated. For this experiment, only meaningful texts were used as 
reading material. Subjects were instructed either to read for meaning or 
to read 'subvocally', that is pronouncing the words not aloud but silently 
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to oneself. The argument behind this instruction was that, if a subject 
attends to the meaning, he or she would need less precise information 
from the currently fixated word in order to grasp the meaning of the text. 
On the other hand, attending to the sound would require relatively pre­
cise information, because every word has to be pronounced subvocally, 
whether it contributes to the meaning of the text or not. The prediction, 
therefore, was that the attend-to-the-meaning instruction would lead to 
fewer and shorter fixations. The results confirmed this prediction. When 
the instruction was to read for meaning, the number of fixations as well as 
fixation duration were lower as compared to the subvocal-reading in­
struction. In addition to these two variables, fixational vergence velocity 
was studied. As it turned out, this eye movement parameter appeared to 
vary as a function of reading material and instruction. In the conditions 
in which fixations were less frequent and of shorter duration, vergence 
velocity was higher. 
These results indicated that readers adapt to different tasks by adjust­
ing the size of the part of text that is analysed in parallel. In reading lists 
of unrelated words with a neutral instruction, as well as in reading texts 
with the instruction to subvocalise, readers aim for small regions of text, 
relative to the other conditions. This hypothesis accounts not only for the 
change in number of fixations and fixation duration, but also for the effect 
on vergence velocity. That is, when smaller text parts are being analysed 
during each fixation period, the intermittent saccades may be expected to 
be decreased in size. Smaller saccades may lead to a lower vergence 
velocity. The reason for this is the following. For rapid aimed movements, 
it is generally known that there is a trade-off between speed and accuracy. 
As target width decreases, movement time increases (Fitts & Peterson, 
1964). Thus, the lower vergence velocity may have resulted from the fact 
that in the subvocal reading condition the subjects were aiming at smaller 
regions of text; this decrease in target width could have led to the increase 
in vergence movement time. 
This hypothesis of selective attention could account for the strategy 
effects in the reading errors of dyslexic children, described in chapter Π. 
A unit smaller than a free morpheme will not lead to lexical access, be­
cause it does not correspond to a real word. However, it can be recoded 
phonologically. If such a submorphemic unit is attended—either as the 
target of an eye movement or as the 'target' of a fixation—it will be given 
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a processing advantage, resulting in faster recognition of the 
submorphemic unit than the free morpheme or word it is part of. If, 
however, attention is diffusely distributed over the entire word, the word 
will usually be recognised more quickly. So, the present proposal is not 
that the reader is somehow choosing for one or the other route. The 
reader rather selects a letter string of a particular size and if this string 
corresponds to a free morpheme, lexical access is automatically obtained, 
giving the lexical route priority. If there is no such correspondence, pro­
cessing via the nonlexical route is faster. 
Up to this point, the connection between the reading error data of the 
dyslexic children and the eye movement data obtained form the normal 
readers was indirect. The crucial question now became: Will dyslexic 
children instructed to read fast or accurately not only demonstrate the 
error pattern observed in the reading error study, but also the eye move­
ment pattern reported in chapter ΠΙ? If the attentional hypothesis is right, 
sounding-out behaviours should co-occur with frequent fixations of rela­
tively long duration and low vergence velocity. Word substitutions, on 
the other hand, should co-occur with less frequent and shorter fixations as 
well as a relatively high vergence velocity. This prediction was tested in 
the third study, in which eye movements and reading aloud errors were 
recorded simultaneously in one dyslexic child. The error pattern exhibited 
by this child replicated the pattern observed in the group study. Impor­
tantly, the predicted eye movement pattern was also obtained. That is, 
relative to the instruction to read accurately, the instruction to read fast 
induced (a) a (non-significant) increase in the number of word substitu­
tions, (b) a decrease in the number of sounding-out responses, (c) a de­
crease in the number of fixations, (d) a decrease in fixation durations and 
(e) an increase in vergence velocity. 
In the eye movement experiments described above, it was found that 
vergence velocity was lower in conditions in which the reader supposedly 
attended to smaller parts of the texts. As mentioned above, this finding 
agrees with a well-known law, Fitts' law, that describes the relation be­
tween the accuracy and speed of movements. According to this law, the 
selection of a small target requires a higher degree of movement accuracy 
and, as a result, the movement is supposed to slow down. A possible 
explanation for this velocity decrease is provided by the co-contraction 
hypothesis (cf. Van Galen & Schomaker, 1992). This hypothesis holds that 
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the executant of a movement is able to regulate the movement's accuracy 
by contracting not only the agonist, but simultaneously also antagonist 
and synergetic muscle groups. In the final study, carried out in collabora-
tion with James Enright, the influence of different fixation instructions on 
the simultaneous contraction of the exterior eye muscles was investigated. 
The amount of co-contraction was established by measuring the amount 
of retraction of the eyeball into its orbit. For this study, we restricted 
ourselves to a task in which no saccades needed to be made, because the 
measurement of retraction during movement easily leads to measure-
ment errors. In one condition, a circle was presented that contained in its 
centre a set of eleven very small letters, arranged in the form of a small 
cross. The letters could just be discriminated by the subjects. The instruc-
tion was to scrutinise the letters in the circle, as they would do when 
being examined by an optician. In the other condition, a similar circle was 
presented, but now without the letters in the centre. This time, subjects 
had to look in the direction of the circle, but without attending to detail 
(they had to 'stare')· The results clearly showed an increase in amount of 
ocular retraction during attention to detail than during staring. Control 
experiments showed that this difference in eye position was not due to a 
differences in accommodation or eyelid pressure. Thus, the increase in 
ocular retraction with increasing accuracy demand could be attributed to 
an increase in co-contraction of the exterior eye muscles. 
The four studies reported in this dissertation point to the following 
conclusions. First of all, dyslexic children, like normal readers, can exert 
strategic control over their reading process. In particular, they appear to 
be able to emphasise lexical over nonlexical reading and vice versa. This 
finding has important implications for our account of dyslexic reading 
behaviour. Dyslexic symptoms cannot be regarded as solely due to a 
particular underlying impairment or set of impairments. They also result 
from the specific strategies the dyslexic child has adopted, in order to 
adapt to the situational demands. Secondly, the mechanism of control 
over the reading process, both in normal and in dyslexic reading, may 
well be one of selective attention. By attending to smaller units of texts, 
the nonlexical route is given priority over the lexical route. Thirdly, the 
change in fixational vergence velocity can probably be regarded as an 
effect of co-contraction. 
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In de wetenschappelijke literatuur over lezen gaat men er in het algemeen 
vanuit dat lezen een automatisch verlopend proces is dat, gegeven een 
bepaalde visuele invoer, via een vast aantal bewerkingen tot woordher-
kenning leidt. In deze dissertatie kwam de vraag aan de orde in hoeverre 
een lezer invloed kan uitoefenen op dit proces, ook al verloopt het auto-
matisch. Bij het zoeken naar een antwoord op deze vraag heeft het 
'dubbele-route model' als theoretisch uitgangspunt gefungeerd. In dit 
model wordt verondersteld dat de lezer via twee procedures van het 
visuele woordbeeld tot de uitspraak van het woord kan komen. De lexica-
le procedure geeft vanuit de orthografische informatie directe toegang tot 
de lexicale representaties. De niet-lexicale procedure werkt op een indi-
recte manier. Door middel van toepassing van grafeemfoneemcorrespon-
dentieregels op de visuele invoer wordt een fonologische representatie 
samengesteld; deze representatie geeft vervolgens toegang tot de lexicale 
representaties. Men neemt aan dat deze twee routes tegelijkertijd en naast 
elkaar bewandeld kunnen worden, hoewel er wel van enige wederzijdse 
beïnvloeding sprake kan zijn. 
De specifieke onderzoeksvraag van deze dissertatie luidde: zijn lezers 
in staat aan de lexicale route voorrang te geven boven de niet-lexicale, en 
omgekeerd? Dat wil zeggen: kunnen lezers ervoor zorgen dat in sommige 
omstandigheden het lezen voornamelijk lexicaal verloopt en in andere 
voornamelijk niet-lexicaal? In onderzoek met normale volwassenen is 
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vastgesteld dat in bepaalde situaties niet-lexicaal lezen benadrukt wordt. 
Dit is bijvoorbeeld het geval wanneer de lijst die opgelezen moet worden 
een groot aantal niet-bestaande woorden bevat. Er wordt dan geobser­
veerd dat lezers de, tevens in de lijst aanwezige, onregelmatig gespelde 
woorden gaan lezen alsof zij regelmatig gespeld zijn (er ontstaan dan 
regulariseringsfouten). Als normale lezers dus controle hebben over hun 
leesproces, wat kan er dan gezegd worden van personen met een lees­
stoornis, in het bijzonder van kinderen met een ontwikkelingsdyslexie? 
Zullen zij ook tot zulke controle in staat zijn, ondanks het feit dat de ont­
wikkeling van hun leesvaardigheid ernstige problemen ondervindt? 
Een onderzoek met dyslectische kinderen, beschreven in hoofdstuk Π, 
was gericht op het beantwoorden van deze vraag. De proefpersonen 
moesten lijsten met woorden en losse teksten hardop voorlezen. Ze kre­
gen de opdracht om óf zo snel, óf zo precies mogelijk te lezen. Aangeno-
men werd dat de instructie om zo snel mogelijk te lezen, het gebruik van 
de niet-lexicale procedure zou ontmoedigen, aangezien hiervoor een 
tijdrovend proces van grafeemfoneemomzetting nodig is. De instructie 
om zo precies mogelijk te lezen werd geacht het omgekeerde effect te 
bewerkstelligen. Voorafgaand aan deze twee condities was er nóg een 
conditie, een 'neutrale': hierbij werd de proefpersonen gevraagd te lezen 
op de wijze van hun eigen voorkeur. De leesfouten die de proefpersonen 
maakten werden ingedeeld in een groot aantal categorieën. De twee 
hoofdcategorieën waren woordsubstituties ('staaf wordt bijvoorbeeld 
gelezen als "straf") en spelresponsen1 ( *baas' wordt bijvoorbeeld gelezen 
als "b-baa-aas baas"). Er werd verondersteld dat woordsubstituties het 
gevolg waren van het gebruik van de lexicale route, terwijl spelresponsen 
voort zouden vloeien uit het gebruik van de niet-lexicale route. Het be-
langrijkste onderzoeksresultaat was dat de snelheidsinstructie leidde tot 
een toename in het aantal woordsubstituties en de nauwkeurigheidsin-
structie tot een toename in het aantal spelresponsen. De conclusie luidde 
dat dyslectische kinderen controle hebben over het gebruik van de lexica-
le en de niet-lexicale route. 
Met spelresponsen worden responsen bedoelt, waarbij hoorbaar 'spellend' gelezen 
wordt: het kind leest dan door onderdelen van het woord afzonderlijk te verklanken. 
Met spelresponsen wordt niet bedoeld dat er afzonderlijke letters worden benoemd van 
het te lezen woord. 
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Dit onderzoeksresultaat riep onmiddellijk een nieuwe vraag op: hoe 
kan een dergelijk selectief gebruik van leesprocedures tot stand komen? 
Met andere woorden: wat is het mechanisme waarmee wordt ingegrepen 
in een overigens automatisch verlopend leesproces? Deze vraag geldt 
uiteraard niet alleen dyslectische kinderen, maar ook normale volwassen 
lezers, bij wie al eerder strategische contrôle mogelijk was gebleken. In 
hoofdstuk Ш werd een onderzoek met normale volwassen lezers gerap­
porteerd, dat een aanwijzing gaf omtrent de aard van zulk een mechanis­
me. Tijdens het lezen werden de oogbewegingen van de proefpersonen 
geregistreerd. In een eerste experiment werd een vergelijking gemaakt 
tussen woordenlijsten en teksten. De instructie was om stil te lezen. De 
resultaten lieten zien dat er een opvallend verschil was tussen lijsten en 
teksten: tijdens het lezen van woordenlijsten werd vaker en langduriger 
gefixeerd dan tijdens het lezen van teksten. In een tweede experiment 
werd de leesinstructie gevarieerd, terwijl alleen met teksten gewerkt 
werd. Proefpersonen moesten tijdens het stillezen ófwel op de betekenis 
van de tekst letten, ófwel de woorden zachtjes voor zichzelf uitpreken. De 
gedachte achter deze instructies was de volgende. Wanneer proefperso-
nen letten op de betekenis, dan hebben zij wellicht minder precíese infor-
matie nodig over de woorden die ze lezen, dan wanneer zij elk woord 
'inwendig' moeten uitspreken: in het laatste geval moet immers elk woord 
geïdentificeerd worden, of het nu een bijdrage levert aan de betekenis van 
de tekst of niet. De voorspelling luidde derhalve dat de betekenisinstruc-
tie aanleiding zou geven tot minder fixaties en fixaties van kortere duur 
dan de instructie om de woorden voor zich zelf uit te spreken. Deze voor-
spelling werd bevestigd. Naast aantal fixaties en fixatieduur werd ook 
gekeken naar vergentiesnelheid gedurende de fixaties. Ook deze oogbe-
wegingsmaat bleek gevoelig voor variatie in leesmateriaal en instructie: in 
condities waarin minder vaak en minder lang gefixeerd werd was de 
vergentiesnelheid hoger. 
De resultaten van de oogbewegingsexperimenten gaven aan dat lezers 
zich aanpassen aan de taakverschillen door de grootte in te stellen van het 
tekstfragment dat in zijn geheel en gelijktijdig geanalyseerd wordt. Bij het 
lezen van ongerelateerde woorden met een neutrale instructie, en bij het 
lezen van teksten met de instructie om de woorden subvocaal uit te spre-
ken, attenderen lezers op relatief kleine tekstdelen, vergeleken met andere 
condities. Deze hypothese biedt een verklaring niet alleen voor de veran-
139 
Samenvatting en Conclusie 
dering in het aantal fixaties en de fixatieduur, maar ook voor de 
vergentie-effecten. Wanneer namelijk tijdens een fixatie kleinere tekstde-
len worden ganalyseerd, dan worden naar verwachting de tussenliggen-
de saccades ook korter. Kortere saccades zouden op hun beurt weer 
kunnen leiden tot een lagere vergentiesnelheid. De reden hiervoor is de 
volgende. Met betrekking tot snelle gerichte bewegingen bestaat er een 
'trade-off tussen snelheid en nauwkeurigheid. Wanneer de doelgrootte 
afneemt, neemt de bewegingstijd toe (Fitts & Peterson, 1964; J.Exp.Psych. 
67). Het is dus mogelijk dat de lagere vergentiesnelheid veroorzaakt 
wordt door het feit dat in de subvocale conditie de proefpersonen kleine-
re tekstdelen attendeerden: door afname van de doelgrootte is de (vergen-
tie)bewegingstijd toegenomen. 
Deze selectieve-attentiehypothese biedt een mogelijke verklaring voor 
het optreden van strategie-effecten bij dyslectische kinderen (hoofdstuk 
II). Wanneer een teksteenheid wordt geattendeerd die kleiner is dan een 
vrij morfeem, zal geen lexicale toegang plaatsvinden, aangezien deze 
eenheid niet met een woord correspondeert. Dezelfde eenheid kan echter 
wel fonologisch worden geherkodeerd. Als zo'n submorfemische eenheid 
geattendeerd wordt—hetzij als doel van een oogbeweging hetzij als doel 
van een fixatie—dan krijgt zij een verwerkingsvoordeel, dat leidt tot 
snellere herkenning van deze eenheid dan van het woord waarvan zij 
deel uitmaakt. Wordt daarentegen attentie verdeeld over het gehele 
woord, dan zal het woord in het algemeen sneller herkend worden dan 
de submorfemische delen waaruit het is opgemaakt. Op deze wijze wordt 
contrôle verkregen over lexicale toegang. Het voorstel is dus niet dat de 
lezer de route 'kiest', maar dat hij/zij een letterreeks van een bepaalde 
omvang selectief attendeert. Als deze reeks correspondeert met een vrij 
morfeem, dan volgt automatisch lexicale toegang, aangezien de lexicale 
route in het algemeen prioriteit krijgt. Als zo'n correspondentie echter niet 
aanwezig is, dan is verwerking via de niet-lexicale route sneller. 
In het tot nu toe besproken onderzoek bleef de relatie tussen de lees-
fouten van de dyslectische kinderen en de oogwegingspatronen van de 
normale lezers indirect. De vraag ontstond dan ook: zullen dyslectische 
kinderen die geïnstrueerd zijn om snel dan wel nauwkeurig te lezen 
zowel de foutpationen vertonen die in hoofdstuk Π beschreven staan, als 
de oogbewegingspatronen gerapporteerd in hoofdstuk III? Als de atten­
tiehypothese juist is, dan moeten spelresponsen samengaan met relatief 
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frequent en langdurig fixeren en traag (con)vergeren. Woordsubstituties, 
daarentegen, zouden gepaard moeten gaan met relatief infrequent en kort 
fixeren en snel (con)vergeren. Deze voorspelling werd getoetst in een 
derde studie met een dyslectisch kind, waarin leesfouten en oogbewe­
gingen gelijktijdig werden geregistreerd (hoofdstuk Г ). Het foutenpa-
troon dat deze proefpersoon vertoonde vormde een replicatie van het 
patroon van de groepsstudie. Bovendien werd ook het verwachte oogbe­
wegingspatroon geobserveerd. Dat wil zeggen: in vergelijking met de 
instructie om nauwkeurig te lezen, leidde de instructie om snel te lezen 
tot (a) een—niet-significante—toename in het aantal woordsubstituties, 
(b) een afname in het aantal spelresponsen, (c) een afname in het aantal 
fixaties, (d) een afname in de fixatieduur en (e) een toename in de vergen-
tiesnelheid. 
In de tot nu toe beschreven oogbewegingsexperimenten werd gevon­
den dat de vergentiesnelheid lager was in condities waarin de lezer ver­
ondersteld werd relatief kleine tekstdelen te attenderen. Zoals eerder 
opgemerkt, stemt dit onderzoeksresultaat overeen met de bekende wet 
van Fitts. Deze wet beschrijft de relatie tussen snelheid en nauwkeurig­
heid van bewegingen. Zij stelt dat de selectie van een klein doel een rela­
tief hoge graad van bewegingsnauwkeurigheid vereist en dat dienteng­
evolge de beweging vertraagd wordt. Een mogelijk mechanisme voor de 
tot standkoming van deze bewegingsvertraging wordt beschreven in de 
cocontractiehvpothese (vgl. van Galen & Schomaker, 1992; Hum.Mov.Sci. 
11). Deze hypothese houdt in dat de uitvoerder van de beweging in staat 
is de nauwkeurigheid van een beweging te reguleren, door gelijktijdige 
aanspanning van agonistische, antagonistische en synergetische spier­
groepen. In de laatste studie van deze dissertatie (hoofdstuk V), uitge­
voerd in samenwerking met professor James Enright, werd de invloed 
onderzocht van verschillende fixatie-instructies op het gelijktijdig aan­
spannen van de buitenste oogspieren. De mate van cocontractie werd 
bepaald door te meten hoever de oogbal teruggetrokken is in de oogkas. 
We gebruikten een taak waarbij een enkelvoudig en stationair doel werd 
aangeboden, zodat geen oogsprongen noodzakelijk zouden zijn: oog­
sprongen dienden vermeden te worden, omdat het meten van refractie 
tijdens grote oogbewegingen gemakkelijk tot meetfouten leidt. In een 
conditie werd een cirkel aangeboden die in het midden elf kleine letters 
bevatte, gegroepeerd in de vorm van een klein kruis. De letters waren 
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voor de proefpersonen nog net onderscheidbaar. De instructie luidde de 
letters in de cirkel nauwkeurig te inspecteren, alsof men deelnam aan een 
oogonderzoek bij een opticien. Een tweede conditie hield in, dat dezelfde 
cirkels aangeboden werden, maar dit keer zonder letters; de opdracht 
luidde in de richting van de cirkels te kijken zonder op details te letten 
(de proefpersonen moesten 'staren'). Nauwkeurig inspecteren bleek ge-
paard te gaan met significant meer oculaire retractie dan staren. Controle-
experimenten toonden aan dat dit effect niet het gevolg was van variatie 
in accommodatie of oogliddruk. De toename in oculaire retractie in de 
nauwkeurigheidsconditie moest dus worden toegeschreven aan een 
toename in cocontractie van de buitenste oogspieren. 
De vier studies van dit dissertatieonderzoek leidden gezamelijk tot de 
volgende conclusies. Op de eerste plaats kunnen dyslectische kinderen, 
net als normale volwassen lezers, strategische controle uitoefenen over 
hun leesproces. In het bijzonder blijken ze in staat dit proces een lexicale 
of een niet-lexicale weg op te sturen. Dit resultaat heeft belangrijke impli-
caties voor onze verklaring van het dyslectische leesgedrag. Dyslectische 
symptomen kunnen niet worden geacht uitsluitend voort te vloeien uit 
een specifieke onderliggende stoornis of verzameling stoornissen. Zij zijn 
ook het resultaat van specifieke strategieën die het dyslectische kind zich 
eigen heeft gemaakt teneinde zich aan de eisen van de situatie aan te 
passen. Ten tweede is het heel wel mogelijk, dat het mechanisme waar-
mee controle over het leesproces—dyslectisch of normaal—wordt verkre-
gen, er een is van selectieve attentie. Door de attenderen op grote dan wel 
kleine eenheden van tekst wordt de wijze waarop lexicale toegang plaats-
vindt beïnvloed. Ten derde kan de verandering in vergentiesnelheid 
tijdens fixatie waarschijnlijk opgevat worden als het gevolg van cocon-
tractie. 
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Stellingen behorende bij het proefschrift van Angélique Hendriks 
te verdedigen op 11 september 1997, des namiddags 1.30 uur. 
1. De snelheid van oogsprongen kan cognitief beïnvloed worden. 
(Dit proeßchrift.) 
2. Oogsprongen naar grotere doelen bereiken gemiddeld een hogere 
snelheid dan oogsprongen naar kleinere doelen, zelfs als de kleinere 
doelen deel uitmaken van de grotere. 
3. Het maken van een dubbele oogsprong met een kortdurende in plaats 
van langdurende tussenliggende fixatie heeft tot gevolg dat zowel de 
oogsprong ná als de oogsprong vóór de fixatie sneller is. 
4. Selectieve attentie aan het begin van het automatisch verlopende 
leesproces kan de uitkomst van het leesproces beïnvloeden. 
(Dit proeßchrift.) 
5. Een stoornis in het transiente systeem zou niet alleen tot gevolg kunnen 
hebben dat "transient-on-sustained inhibition" wegvalt (Breitmeyer, 1980, 
Psych. Rev., 87), maar ook dat de visuele informatie die normaal 
gesproken verwerkt wordt door het transiente systeem, vertraagd of 
helemaal niet ter beschikking komt. 
6. De meeste herfixaties binnen woorden zijn al gepland vóórdat het 
woord voor het eerst wordt gefixeerd. 
7. Geloven is geen kwestie van willen. Daarom mag niet-geloven iemand 
niet kwalijk genomen worden. 
8. De ontwikkeling van ruimtelijk inzicht en technische vaardigheid is 
meer gebaat met het leren van kleding naaien dan met het leren van 
metaal- of houtbewerken. 
9. Borstvoeding zou wel eens even belangrijk kunnen zijn voor de 
ontwikkeling van het reuk- en smaakvermogen van de zuigeling, als een 
gevarieerde visuele omgeving voor de ontwikkeling van het 
gezichtsvermogen. 
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